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No. 19 continued

amd a scaled up version could be considered as a bulk reduction process fnr restoration
Qf sites contaminated with- chlorinated organic cumpounds including other DOD Herbicide
Orange contaminated sites. Sensitivity analyses of six variables (geographic) location,
soil quantity, electrical powr prices, labor, capital equipment use charge, and
transportation) were performed to estivate the cost for conditions other than those
found at NC=C. The cost to treat one ton of contaminated soil using a scaled up system,
based on treatment of 20,000 tons at NCBC, is $402/ton. The process may have application
for treatment of other chlorinated organic oxrounds. The process may have unique
application in geographical areas where incineration would not be accepted.

One negative aspect is that the photolysed solvent reains a hazardous waste and mnAt be
handled appropriately. Additional R&D is required to establish an alternate photolysis

. to overocme the problem. . 4

This report is organized into four volumes: Volume I presents the final report on the
rmanoe of the Thermal DesorptiorVUltraviolet Photolysis process for use in

inn soil containing Herbicide Orange/Dioxin. "Vol•me II contains appendices
A Aft gh 0. Vol III ocntains appendix P. ole IV contains appendices Q through V.
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SECTION I

INTRODUCTION

A. OBJECTIVE

This stuey was done to determine the applicability of the EPA's mobile
incineration system (HIS) for treating soil contaminated with Herbicide
Or:nge et three Department of Defense sites - Eglin Air Force Base, the
Naval Construction Battalion Center (NCBC), Gulfport, Mississippi , and Johnston
Island. Beyond demonstrating the technical feasibility of thermal decon-
tamination, the study was to evaluate the treatment characteristics of the
soils to identify potential processing problems and to estimate operating
rates and corresponding operating conditions which would achieve treatment
('%ltn-u,") criteria. The results of this study would provide some tech-
nical basis for supporting and planning a possible demonstration by the Air

- 'Force of the MIS at Johnston Island.

* B. BACKGROUND

The U.S. Air Force ;s engaged in a multitask program to investigate
three Derarter, t of Defense sites known to be contaminated with residual
Herbicide Orange (Reference 1), L.ad to identify, evaluate, and demonstrate
selected technologies t'at could be used to decontaminate and restore these
sites. Herbicide Orange is an equal r'xture of the butyl esters of
2,4-dichlorophenoxyacetic acid (2,4-OBE) and E,4,5-trtchlorophenoxyacetic
acid (24.45-TBE), containing low or trace concentrations of various related
chemical compounds originating from raw materi•ls or byproduct reactions
(Reference 2). One of these coqpounds har been determined to be 2,3,7,8-
tetrachlorodibenzo-p-dioxi• (2,3,7,84ICOD), a highly toxic and stable com-
pound which is the subject of much scientifi. and regulatory attention
today. Previous field investigations at ill three sites have ascertained
the approximate location and concentration of t4e herbicide constituents and
have enabled preliminary estimates to be made of t.ie quantities of soil that
could require decontamination. Additional, more extAnsive site surveys are
currently being completed.

New federal regulations enacted under RCRA, w.ich will he effective
after July 15, 1985, stipulate stringent requirements for treating ur
disposing of dioxin waste materials, including co,,taminated so;l.
Incineration has been demonstrated to be effective in destroying Herbicide
Orange (References 3 and 4). Each incineration bystem and dioxin waste
matrix must be tested to establish adequate treatment efficiency before
being permitted to operate on.a "'production basis." Decontamination of soil
containing dioxin by using incineratiot, had not been demonstrated.

A mobile incineration system (MIS) has been constructed by EPA for ue
in treating hazardous waste materials at various sites, and in eveluating

* pL



the technology for specific wastes. This process unit has recently com-
pleted a trial burn involving dioxin contaminated waste liquids, sludges,
and soil in Missouri. A longer demonstration run is planned by EPA which
will involve processing quantities of various dioxin contaminated soils from
Missouri sites.

In support of EPA's mobilization of the MIS for that trial burn and
demonstration, IT Corporation conducted a study to investigate the capabil-
ity of the MIS to treat soil contaminated with 2,3,7,8-TCDO. The study
consisted of two parts:

9 A series of laboratory thermal desorption experiments to determine
the effect of key process variables and soil (feed) characteristics
on removal of 2,3,7,8-TCDO

* A series of pilot-scale batch kiln tests and computer simulations
to define the material processing and heat transfer characteristics
of the kiln

This research was completed in late 1984. A final report describing the
results has been submitted to EPA for review.

C. SCOPE

This study, as an extension of the previous±.1 stWidy, consisted of four
activities - soil characterization, laboato r _-Featability tests, pilot-
scale kiln processing tests, and engineering assessment of projected MIS
performance. Soil characterization measured chemical properties, including
Herbiciae Orange concentration, and physical properties which could affect
processing. Bench-scale treatability tests determingd the relationship bet-
ween residence time, temperature, and treatment efficiency. Samples of con-
taminated soil were exposed to different conditions, and the final
concentration of 2,3,7,8-TCDD was analyzed. The pilot kiln tests utilized
uncontaminated soil to simulate the approximate M41S conditions of gas flow,
temperature, and agitation to investigate particulate entrainment, heat
transfer and changes in physical form (agglomeration/slagging or attrition).
Engineering assessment included performing heat and material balance calcu-
lations and heat transfer calculations using computer simulations and deter-
mining the various limitations of the MIS which would establish processing
rate capabilities.

12



SECTION II

SOIL CHARACTERIZATION

The chemical and physical properties of soils subjected to incineration
temperatures are expected to influence the treatability and processing per-
formance. Volatilization of organic pollutants from soil at ambient con-
ditions has been shown to be affected by the exposed surface area
(corresponding to particle size) and composition of the soil (References 5,
6 and 7). Interaction (adsorption/ absorption) between organic compounds
and a soil matrix can reduce the apparent vapor pressure. Thermochemical
transitions of natural organic matter and minerals contained in soils can
occur at temperatures as low as 400*C (References 8 through 12). Both oxi-
dation and pyrolysis of organic materials can occur, depending particularly
on the availability of oxygen. The thermal stability of specific organic
compounds which might be present in contaminated soils varies greatly within
"the operating range of the MIS (References 13 and 14). Physical alteration
of the soil, such as attrition from thermal stresses and agitation/abrasion,
and slagging or agglomeration caused by mineralogical transformations, will
affect solids flow characteristics, heat transfer, and particulate genera-

(' tion (entrainment).

* 'Previous studies of thermal treatment of contaminated soils included
analysis of the untreated soil for primary chemical and physical parameters.
These same analyses were performed for this study on samples from each of
the three sites. The soil samples were collected from designated locations
and shipped to ITC's Environmental Research Laboratory in Knoxville,
Tennessee. Samples of both uncontaminated and contaminated soils were
packaged in sealed metal paint cans. Each sample weighed approximately
4 kilogram. 'Both the contaminated and uncontaminated samples used for
laboratory treatability tests were prepared for analysis and testing
according to procedures described below. Samples of uncontaminated soil
were shipped to Allis-Chalmrs' test facility and were used for batch kiln
tests without any preparation.f

The initial contaminated NCBC soil sample had a very low concentration
of 2,3,7,8-TCOD. Three additional samples were taken at the site, shipped
to tTC, prepared, and analyzed. Based on the results, one of the three was
selected as the test sample. It was intended that all three contaminated. test soils would have greater than 400 ppb 2,3,7,8-TC00.

A. SOIL PREPARATION PROCEOUkES

The samples of soil received from the Air Force were pretreated for use
C before analysis and thermal treatment tests. This was necessary to achieve

a uniform test soil of known 2,3,7,8-TCOD concentration, from which repre-
sentative aliquots could be taken for each test. Previous ITC research
activities with soil containing trace levels of contamination had estab-
lished the importance of such soil preparation, particularly for small-scale
tests.

13



1. A portion of soil was transferred within the hood from the con-
"tainer to a metal foil tray, separating larger organic matter
(e.g., roots, grass) and breaking up large soil agglomerates.

2. The soil was spread out uniformly on a metal tray and allowed to
air dry within the hood for 2-3 days with occasional stirring and
gentle breaking of larger soil agglomerates using a spatula.

3. The dried soil was screened in several batches, using a standard
wire mesh screen with 2 mm openings. Oversize soil was returned to
"the drying tray and manually broken up using a spatula. Final
oversize soil was weighed and transferred to the original soil con-
tainer. Grinding or milling of the soil was not done.

4. The soil fractions less than 2 mm from each batch were combined in
a widemouth, 1-gallon glass jar, blended for 1 hour, using a jar
roller, and weighed.

5. Three separate aliquots of soil from random locations within the
1-gallon jar were transferred to individual 250 cc, amber, wide-
mouth jars with Teflonc-lined caps. These sample jars were coded,
labeled, and submitted for analysis of 2,3,7,8-TCDD to verify uni-
formity.

B. ANALYSIS OF PHYSICAL-CHEMICAL PROPERTIES

Battelle-Columbus Laboratories was contracted by ITC to perform selected
analyses, including pH, conductivity, organic matter, cation exchange capac-
ity (CEC), moisture content, specific surface area, oil and grease, and
particle size. Table 1 lists the parameters and corresponding methods used
by Battelle. These procedures are described in Annex 1. Samples of
uncontaminated soil from each site were initially analyzedIby Bittelle;
samples of contaminated soil from each site were analyzed later for selected
parameters to investigate the potential effect of the contamination on the
measurements.

. Tablo 2, as roproduced frot I iatUilldt' final test report Annex 2,
summarizes the characterization data for the uncontaminated sampes9, and
Table 3 summarizes the data from the contaminated samples. A comparison
between the data from each site and between uncontaminated and contaminated
samples can be summarized by the following major points:

* The pH of the Eglin soil is acidic whereas the JI and NCBC soils
are slightly alkaline.

"* The Conductivity of the JI soil is more than one order of magnitude
higher than the other two soils.

SThe organic matter measured for all the contaminated soil samples
was much higher than for the uncontaminated samples. This dif-
ference was most noticeable for the JI soil samples; the difference
in NCBC samples was relatively small.

14



TABLE 1. SOIL CHARACTERIZATION METHODS

"iParameter rietfhod reterencesa Method

Organic matter Schultz, 1980 Potassium dichromate oxidation
.. Watson, 1978 using colobimetric determina-

"tion of Cr +

pH McLean, 1980 Measurement of 1:1 (weight:
"volume mixture of soil water)

Electrical Watson, 1978 Measurement of 1:2 (soil:water)
* rconductivity slurry using conductivity

meter

Surface area Carter, et al., 1965 Adsorption of monolayer of
Heilman, et al., 1965 ethylene glycol monoethyl
Cihacek and Bremner, 1979 ether

Particle size ASTM, 1972 Combined sieving (particles
ASTM, 1978 >75 um and sedimentation

particles less than 75 urn)
measured by hydrometer

, Cation exchange Allen, et al., 1974 Saturation of exchange sites
S.capacity (C C) with NH4 + followed by washing

of excess NH4+ reagent and
displacement of adsorbed NH4 +
with KCI; NH4 + measured by
"ion specific electrode

Oil and grease ASTM D4281-83 Extraction with methyl tert-
i+ butyl ether after soil is

conditioned with aqueous
sodium chloride and potassium
hydrogen phosphate; gravi-
metric determination of. , filtered and evaporated

• • •extract

.oisture ASTh Part 11-82216 Oven drying at 110*C to
constant weight

*Complete re(erences given in Battelle-Columbus procodures, Annex 1.
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TABLE 2. PHYSICAL-CHEMICAL ANALYSIS OF UNCONTAMINATED SOIL

Physical-chenical parameters' JI . Eglin NCBC

pH 8.24 5.21 8.29

Conductivity (millimhos/cm) 4.99 0.0418 0.279

Organic matter (percent) -0.50 (0.50 1.5

Cation exchange capacity 0.12 0.15 3.9
(miIi equl valents/100)

Moisture content (percent) 1.86 0.12 0.48

Surface area (e /g) 6.74 2.46 12.3

Oil and grease content 664.9 116.0 1759
(micrograms/gI,

Particle size distribution
(percent)

Medium sand (between 41.3 41.3 25.7
425 microns and 2.00 mm)

Fine sand (between 75 and 36.2 51.9 59.4
425 microns)

Silt (between 5 and 75 19.2 4.77 12.3
microns)

Clay. (smaller than 5 gicrons, 3.31 2.03 2.70
including colloids)

Colloids (less than 1 micron) 2.94 1.67 2.25

aAll analyses were done in duplicate with the exception of surface
area, which was done in replicates of five. Values reported repre-
sent averages. Annex 2 gives deviation values.

bNote that the clay fraction includes the colloid fraction, so that
the percentages total greater than 100 percent.
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TABLE 3. PHYSICAL-CHEMICAL ANALYSIS OF CONTAMINATED SOIL

Physical-chemical parameters. JI Eglin NCBC

pH 8.45 3.83 8.55

Lonductlvity (minllimhos/cm) 5.02 0.146 0.205

Organic matter (percent) 4.22 1.22 2.34

Cation exchange capacity 0.73 0.77 2.45(milllequlvalents/lO0 9)

Moisture content (percent) 0.34 0.55 0.38

, Oil and grease content (micrograms/g) 1884 4069 3386

aAlllanalyses were done in duplicate. Values given are averages. Annex 3
Sgives deviation values.

I1
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o The oil and grease content of the contaminated soil samples was
higher than the uncontaminated samples. This difference was most
noticeable (factor of 40) for Eglin soil.

9 The cation exchange capacity of all contaminated soils was higher
than the corresponding uncontaminated samples. NCBC soil had much
higher values than the other two soils.

o The surface area did not vary greatly between soils. Likewise, the
particle size distributions of the three soils were not greatly
different. The clay fraction varied only between 3.5 and 7 per-
cent.

Visual inspection of each sample received resulted in the following
observations:

JI - White/gray; sandstone-like, uniform; contaminated sample
slightly darker, probably higher moisture; large stones and
chunks (agglomerates) present in both.

Eglin - Tan; sandy with some agglomerates which easily broke up, twigs
and grass noticeable; uncontaminated sample appeared drier and
dustier.

NCBC - Light to dark brown; sandy loam with pebbles and broken
shells; some grass and twigs evident; variation in relative
amounts of moisture and shell/pebble fraction between the five
samples received.

Thermogravimetric analysis (TGA) and differential scanning calorimetry
(DSC) analysis of the three samples of uncontaminated soil were performed by
Allis-Chalmers as part of the pilot batch kiln tests. Table 4 summarizes
the results of these analyses; the actual test data are jiven in Annex 2.
It is obvious that the Jl soil, which is principally calcium carbonate,
exhibits substantial weight loss as a result of calcination (decarboxyla-
tion). The theoretical weight loss attributed to conversion of CaCO3 to CaO
(with the release of C02 ) is 44 percent. Calcination occurs at temperatures
above about 625*C, with a corresponding large endotherm. The Eglin soil
showed a moderate and extended exotherm between about 270 and 5500C, where a
sharp endotherm occurred; only a small weight loss occurred. The NCBC soil
showed a major and extended endotherm between about 225 and 5500C, where a
sharp endotherm occurred. A marked weight loss occurred above that tem-
perature, starting at 630*C.

Allis-Chalmers also performed sieve analyses and bulk density measure-
ments on soil before and after pilot batch kiln processing. These results
are discussed in Section IV and the data are presented in Annex..4.

C. ANALYSIS OF HERBICIDE CONTAMINATION

The prepared uncontaminated and contaminated soils were sampled and ana-
lyzed by ITC for the primary chemical constituents of Herbicide Orange and



TABLE 4. SUMARY OF THERMAL ANALYSIS RESULTSa

Initiation
of

Corresponding exotherm
Soil Weight temperature or

identification loss (,)b range (*C) endotherm (%)c

11J 1.4 25 -350 130C)
42.5 350 - 1050 310(-

Eglin 2.4 25 - 1050 270 (+)
550 (-)

NCBC 0.3 25 - 200 225()
S"1.4 200 - 520 b50

3.8 520 - 1090

aRefer to Annex 4 for DSC and TGA data.
bPercent of initial gross weight.

* CExotherm (+), Endotherm (-)
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for COD and CDF compounds, including 2,3,7,8-TCDD. Arsenic was also ana-
lyzed to establish if any Herbicide Blue contamination was present.
Herbicide Blue is composed principally of sodium dimethyl arsenate. The
"*uncontaminated" samples were analyzed to establish a baseline concentration
of all constituents. Standard published EPA methods listed In Table 5 were
used for quantitative determination of each parameter, except for the sample
preparation and analysis of 2,3,7,8-TCODD and other CODs and COFs, which are
described in Annex 5.

* Two pretreatment/extraction procedures were used for the untreated soil
samples to evaluate potential differences in the accuracy of analytical
results. Previous studies with thermally treated Missouri soil samples
demonstrated significantly lower 2,3,7,8-TCDD results using the standard jar
extraction procedure with hexane/methanol (specified by EPA - CLP) than the
more rigorous procedure involving Soxhlet extraction with benzene after acid
treatment of the sample. Therefore, the Soxhlet procedure was used for all
thermally treated samples. Both procedures were used for untreated soil
samples for comparative purposes, and a comparison of results is given in
Annex 6.

The method used for determining 2,4-OBE and 2,4,5-TBE actually measures
the free acids, 2,4-D anJ 2,4,5-T, after chemically converting any esters
present to the respective acid. Therefore, the reported values represent
the combined ester and acid concentration present in the soil.

Three aliquots of soil were taken from each prepared soil sample and
submitted for 2,3,7,8-TCOD analysis. Other parameters were determined on
single aliquots. The results of the triplicate analyses, using both sample
preparation procedures, are given in Annex 6. Tables 6 and 7 s karize
the an lytical results for the baseline' euncontaminated'), and contaminated
soil samples. Annex 7 gives the specific analytical data. The baeline
soils showed the presence of very low (,c ppm) levels of herbicide constit-
uents. No 2.3.7,8.TCOD was detected at analytical detection limits of 0.2
to 0.8 ppb, although total tetra isomrs were detected in the Eglin and NCBC
samples. flepta COD was detected in both JI and NCBC samples at less than I
ppb and octa COD was found at 1 to 3 ppb In all three baseline soil suamles.
The only COF detected was for the total octa isomers in the NCBC sample.
Arsenic was not detected in any sawiple at the normal detection limit of 1
ppm for the analytical mthod used.

The contaminated test soils contained approximately 0.1 to 0.2 weight
percent Herbicide Orange based on the comined values for 2,4-0 (including
2,4-08E) and 2,4,5-T (including Z,4,5-T4E). Three phenols were detected,
with 2,4,5-trichlorophenol the cost significant at concentrations of about
50 ppm. The concentrations of 2,3.7,8-TCOD were approximately 100 ppb for
JI and Eglin and 500 ppb for NCBC. These values were considered appropriate
for conducting treatability tests since they represented the higher range of
values determined in site surveys. No other CO s were detected except hepta
and octa isomers in the J1 soil and oct. isomers in Eglin. TCOF was
detected above 1 ppb in all samples, and OCOF was detected in J1 soil.
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TABLE 5. ANALYTICAL METHODS USED FOR DETERMINATION OF HERBICIDES

Analytical
Parameter Sample preparation method

2,4-DBE/2,4-D 8 15 0 a 8150a
and

2,4, 5-TBE/2, 4, 5-T

Chlorophenols 3540a 8040a

2,3,7,8-TCDD EPA-CLPb EPA-CLPb
and

Aci d/Soxhletc

Arsenic 3020a 7060a

aTest Methods for Evaluating Solid Wastes, SW-846, 2nd Edition$ U.S.
EPA, July 1982.

" Describedin EPA-ESL IFB Solication WA-84-A002. Detailed procedure

giVen iný Annex 5

cOetalled procedure given in Annex s.

i
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TABLE 6. -ANALYSIS OF BASELINE SOIL SAMPLES
FOR COMPOUNDS OF INTERESTa

-oncentrationb (ppbo
Compound Eglin NCGC

2,4-D 160 160 470

2,4,5-T 210 240 150

2,4-dichlorophenol ND(1000) ND(1000) ND(1000)

2,4m6-trlchlorophenol ND(1000) ND(1000) ND(1000)

2,4,5-trichlorophenol ND(1000) ND(1000) ND(1000)

Arsenic ND(lG,O00) ND(1O,O00)- ND(1O,000)

_ 2,3,7,8-TCDD NU(0.5) ND(O.8) ND(O.2)

TCDD ND(O.52) 0.31 0.13

TCDF ND(O.17) ND(O.52) ND(0.11)

PCDD ND(0.41) ND(O.81) ND(0.42)

PCDF ND(0.33) ND(O.96) ND(O.76)

HxCDD ND(O.84) ND(O.37) ND(0.60)

* HxCDF ND(O.21) ND(0.21) ND(O.18)

HpCDD 0.63 ND(O.17) 0.73

m HPCDF ND(1.O) ND(1.0) ND(I.0)

OCDD 1.73 2.6 2.0

OCOF ND(O.11) ND(O.06) 0.26

aSoils were analyzed after prepdration according to protocol described in
Section III (e.g., <2 rmm, air dried).

bND - not detected using the analytical procedure identified in.Table 5.
Detection levels given in parentheses.
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TABLE 7. ANALYSIS OF "ONTAMINATED SOIL SAMPLES
* FOR COMPOUNDS OF INTE*1'TSTa

CCdncentrat°onb (pb)nCompound EI I n NB

, 900,000 1,20G,COOO 370,000

2,4,5-T 890,000 1,700,000 710,000

2, 4 -dichlorophenol 1,900 2,400 1,100

2,4,6-trl chlorophenol 1,100 ND ND

2,4, 5-tr chl orophenol 38,000 20,000 53,000

Arsenic ND(10,O000) ND(10,000) ND(10.000)

2,3,7,8-TCDD 106C 101C 494C

TCD0 126 127 604

TCDF 6.6 2.1 2.3

PCOD KD(1.09) ND(1.5) ND(0.48)

PCoF ND(1.7) N0(1.6) ND(1.9)

HXCOD ND(3.7) ND(1.2) N0(0.59)

eXCDF ND(O.67) ND(0.73) R0(3.6)

ttpCDD 29.0 Ni(o.72) N0(1.5)

; . CDF ND(3,S) ND(Z.1) ND(I,7)

OCOD 32.0 2.6 ND(2.4)

OCOMF 1.3 ND(0.33) r4D(O.98)

"aSoils were analyzed after preparation according to protocol (e.g., <2 mm,
air dried).

bND a not detected. Detection levels given in parentheses.

cAverage of analyses of triplicate aliquots of prepared test soil. Values
for other coqpounds are for a single aliquot.
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Arsenic was not detected in any sample at the 1 ppm detection limit. No
additional arsenic analyses were performed for any test samples.

Table 8 compares the relative concentrations of 2,3,7,8-TCDD, the three
chlorophenols, and 2,4-DBE to the principal Herbicide Orange constituent,
2,4,5-TBE. These ratios can be evaluated relative to the original com-
position of Herbicide Orange reported in previous studies by the Air Force
(Reference 2). The chlorophenols are present at approximately the same
relative concentrations as the original material, whereas the 2,3,7,8-TCDD
levels are approximately three orders of magnitude higher than levels deter-
mined in the original material. This could be a result of differences in
volatilization rates and chemical decomposition occurring in the environmant
during the past decade.
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TABLE 8. EVALUATION OF RELATIVE CONCENTRATIONS OF HERBICIDE
CONSTITUENTS FOR CONTAMINATED TEST SOILS

wegf9t ra•tio or compound to 44,b-I.L
Compound 01 Egl in NCBC

2,4-DBEa 1.04 0.723 0.534

2,4,5-TBEa 1.00 1.00 1.00

2,4-dichlorophenol 1.75 X 10-3 1.16 X 10-3 1.27 X i0"3

2,4,6-trichlorophenol 1.01 X i0"3 b b

2,4,5-trichlorophenol 3.5 X 10-2 9.6 X 10-3 6.12 X 10-2

2,3,7,8-TCDD 9.76 X 10- 5  4.87 X 10-S 5.70 X 10-4

a2,4-1.BE a butyl ester of 2,4-D; 2,4,5-TBE " butyl ester of 2,4.5-T.
b2,4,,6-trtchlorophenol was not detected for these samples.
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SECTION III

LABORATORY TREATABILITY TESTS

A series of bench scale tests was performed to establish the effect of
the key process variables, residence time and temperature, on the treatabil-
Ity (dioxin-removal efficiency) of the three test soils. After the soils
were prepared by drying and screening as described in Section II, separate
Aliquots were placed in a small furnace for different time periods. The
treated samples were analyzed for 2,3,7,8-TCDD and the results were eval-
uated to determine the relationship between treatment conditions and final
concentration of 2,3,7,8-TCDD. These results were also compared to previous
results in which Missouri soils were used. This section describes the
experimental activities and test results.

A. EXPERIMENTAL PLAN

Experimental activities for this project were conducted at ITC's
Environmental Research Laboratory in Knoxville, Tennessee. A specially
designed "high-hazard* section of the laboratory permitted the dioxin-

* contaminated soils to be prepared, tested, and analyzed safely and effi-
ciently. This entire section of the laboratory is designed for the safe
handling and analysis of chemicals and samples having toxic or unknown prop-
erties. This laboratory has four isolated, negative-pressure cubicles that
contain hoods and laboratory benches constructed of materials selected for
easy decontamination. Total containment is assured, since all used water is
collected and all air leaving the facility is filtered through HEPA and
activated carbon filters on the high-velocity hoods. All dioxin-containing
materials generated from test activities were packaged and stored for
disposal.

The results developed from this study were obtained using a simple and
consistent experimental method and apparatus designed to expose the study
soils to a specified temperature for a specified time. Treatability was
measured by cooparing the analyses of Z,3,7,8-TCDD in the untreated and
treated soil. The test equipment and procedures are described in this sec-
tion. The features incorporated into the test system and procedures

* included (1) sufficient soil quantity to enable analytical sensitivity below
1 ppb and duplicate analysis as necessary, (2) a static but very thin layer
of soil to minimize the potential effects of temperature gradients and gas-
phase diffusion (in terms of both release of volatilized materials and expo-
sure to the purge gas), and (3) quickly achieving and maintaining
steady-state conditions. The experimental apparatus and procedures were the
same as those used on previous treatability testing of Missouri soils. A
QA/QC plan was prepared and followed during the testing.
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B. THERMAL TREATMENT TEST EQUIPMENT

The principal test equipment was a Lindberg furnace, Model 51848, with
an electronic temperature controller and 1600-watt heater system. The oven
is double-shell construction with interior surfaces made of Moldatherm, a
molded aluminum-silicate insulation material. This oven is capable of
operating up to 1100C and has a relatively fast heat-up rate due to low
mass. The interior space Is approximately 10 cm wide by 11 cm high by 21 cm
deep. A loose block (1.2 cm thick) of Moldatherm is placed on the bottom of
the oven to provide additional separation between an object placed in the
oven and the hot interior surface of the oven. A built-in thermocouple was
used to control the interior oven temperature to the set point. The oven
was placed inside a bench-top hood for all tests. Several modifications
were made to the oven. IncoloyO (3/8 inch) tubing was inserted through the
back wall and connected to an air cylinder to provide continuous purging of
the interior space during each test. The purge gas was directed against the
back wall to promote preheating and distribution. The purge gas flow rate,
"measured with a standard rotometer, was maintained at aporoximately 100
"cc/minute, equivalent to about 5 percent turnover per minute. A separate
thermocouple was used to measure the test temperature. This NBS traceable,
Type K, sheathed thermocouple was placed approximately 3 centimeters above
the soil surface at the center of the oven. The thermocouple, the tem-
perature indicator, and the purge gas rotometer were calibrated before
testing. A Keithley Model 871 Digital Temperature Indicator was used with
both thermocouples.

A specially made tray was used to contain the soil within the oven. The
tray, which weighed approximately 430 grams, was 9 cm wide by 3.2 cm high by

• - 19.3 cm long and made of Incoloy to resist oxidation at the expected maximum
test temperatures. A separate Incoloy lid was used to cover the tray when
necessary. The soil was leveled within the tray to a fixed uniform
thickness of approximately 2.5 mm. Figure 1 is a scale schematic drawing of
the interior of the oven, with tray inserted.

C. STANOD TEST PROCEDURE

The standard thermal desorption test consisted of the following steps:

S1. 'InLtiate a data log sh'et (see Annex 8).

. 2. Weigh the empty, clean tray.

3. Transfer a representative aliquot (-30 grams) of prepared soil from
the jar to the tray using a stainless steel scoop.

4. Weigh the soil and tray and adjust the soil quantity to achieve
approximately 30 grams, which results in the approximate desiredsoil depth.

5. Distribute and level the soil within the tray to -2.5 m. Return
excess to the sampl'. jar.
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6. Turn the purge gas flow on to the proper setting on the rotometer.

7. Place the tray with soil in the oven at ambient temperature and
close the oven door.

8. Set the oven temperature controller set-point to the target test
temperature and start the timer.

9. Monitor and record the times and temperatures, periodically,
throughout the test period.

10. When the prescribed residence time at the target temperature is
reached, shut off the oven heater and purge gas flow and open the
oven door.

11. Cautiously withdraw the hot tray and soil using special tongs,
place a cover on the tray, and place the covered tray in a separate
hood for cooling for approximately 1 hour.

12. Close the oven door and set the temperature at 600*C for approxi-
mately 10 minutes. This step is to ensure that no residual
materials from the sample remain in the oven.

13. Weigh the tray (without cover) plus treated soil.

14. Transfer an aliquot (typically about 10 grams) of treated soil from
the tray to a tared, 250 cc, widemouth, amber bottle with Teflon-
lined cap. Code, label, and submit this aliquot for 2,3,7,8-TCDD
analysis. Transfer the remainder of the treated soil to an iden-
tical type bottle, label and store as a retainer.

15. Clean the tray, cover, and nondisposable implements using the
following procedure:

* Rinse with acetone and wipe clean
* Scrub with detergent (Alconoxf) solution and rinse with hot

tap water followed by distilled water
o Rinse with acetone and allow to dry
* Rinse three times with methylene chloride (e.g., -15-25 ml

each rinse for the tray)
* Air dry and store.

D. TREATABILITY TEST RESULTS AND DISCUSSION

A total of 16 separate thermal desorption tests were performed using
three different test temperatures, ranging from about 4300C to 560*C, for
times between 8 and 30 minutes. Two sets of duplicate tests were included
for QA/QC purposes. All tests were performed using soil prepared as
described previously, except for two tests which used oversize (;2 mm)
pieces of J! and NCBC soil to investigate any differences in treatability
due to gross differences in particle size. The test results are presented
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according to: (1) treatability or removal efficiency for the herbicide
constituents and (2) effects of treatment on soil characteristics.
Experimental data are summarized in Annex 8. Anex7pesents all the.
analytical data while An.ex 6 gives QAJO• results.

1. Treatability Data

Analysis and interpretation of the test results must consider the typi-
cal temperature profile (temperature vs residence time) for the small oven
system used in testing. The soil samples were placed In the oven at ambient
temperature, and the initial test period involved heating the oven and soil
to the target test temperature. This unsteady state heat-up period lasted
from about 5 to 9 minutes, with longer time corresponding to higher ultimate
temperature. Figure 2 illustrates typical temperature profiles for the
three target test temperatures. The target test time was initiated (at time
zero) when the test temperature reached approximately the target test tem-
perature.

Treatability or removal efficiency was determined by measuring the final
concentration of 2,3,7,8-TCDD and comparing it to the initial concentration
and the criteria or goal of 1 ppb. Test conditions (time and temperature
combinations) were based on previous treatability tests to demonstrate the
influence of these two parameters on treatment. Longer times were selected
for certain tests using the NCBC soil which had considerably higher initial
concentration than the other two test soil samples (i.e., -500 ppb vs -100
ppb). The residence times were considered representative of the normal
operational capabilities of the MIS.

* Table 9 summarizes the treatability test results, arranged by test tem-
perature, soil type, and treatment time. The test number is listed for
reference to data given in Appendix F. The results for each soil were
plotted in Figures 3, 4, and 5 to show the effects of time and temperature.
Data for all three soils at 481C were plotted in Figure 6 to show the
effect of soil type. The shape of the treatability curves in these figures
was developed, in part, based on previous testing with Missouri soil which
yielded more data points (times) for each particular target test tem-
perature.

The data show that treatment of all three soils to less than 1 ppb
2,3,7,8-TCDD is feasible if temperatures of 5006C or more are achieved. The
results are very similar to those obtained in previous tests with Missouri
soils. Table 10 lists the calculated removal efficiencies for 2,3,7,8-TCDD.
Nearly all tests above the minifum temperature resulted in at least
99 percent removal. The significant effect of temperature appears to be
more pronounced for JI soil, which showed very low removal efficiency at the
lowest temperature of 429C. The coarse (42 m) particle size material had
lower final 2,3,7,8-TCDD concentration than the prepared (c2 mm) soil used
for most tests, despite the fact that analysis of an aliquot of coarse
material from NCBC indicated a higher initial 2,3,7,8-TCDD concentration.
Since there is considerable variation in the type of soil particles within
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TABLE 9. SUMMARY OF TREATABILITY RESULTS - EFFECT OF TIME AND
TEMPERATURE ON FINAL CONCENTRATION OF 2,3,7,8-TCDD

nal Time at Final
test test 2,3,7,8-TCDD

'teiperaturea Soil temperatureb concentration Test
(C) identificaton (i ni) (ppb) number

430 JI 20 38.5 15
Eglin 20 4.4 16
NCBC 30 27.40 14

25.7c

481 JI 15 4.5 1
31 30 1.6 5
JI (>2 mm) 30 0.44 12
Egl in 15d 1.3 2d
Eglin 15d 0.8 4d
Eglin 30 0.45 3
NCBC 15 10.1 9
NCBC 30 4.6 10
NCBC (>2 mm) 30 0.74 11

558 3i 8 0.81c 6
JI c 0.31C c
Eglin 8 0.71 7
NCBC 15d O.99 3d
NCBC 15d .53d

aRefer to tiie-temperature data (Annex 8) for exact temperatures during entire
" ~test.

bThis period begins at.`zero time* when the target test temperature is
reached; zero time is actually 5 to 9 minutes after start of heat-up.

CAnalytical duplicate; separate aliquots of treated soil were analyzed.
dExperimental duplicates.
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TABLE 10. CALCULATED REMOVAL EFFICIENCIES FOR 2,3,7,8-TCDD

... " .. . ... initial M Ela~

2,3,7,8-TCDD 2,3,7,8-TCDD
concen- concen- Removal

Test tratlon tration efficiencya
number (ppb) (ppb) (%)

i5 106 38.5 65.51

16 101 4.4 95.72

"14 494 26 .6b 94.75

1 106 4.5 96.00

5 106 1.6 98.58

12c 106 0.44 99.61

2 d 101 1.3 98.74

4 d 101 0.8 99.22

3 101 0.45 99.56

9 494 10.1 98.01

10 494 4.6 99.09

j1d 148 0.74 99.51

6 106 0.56b 99.29

7 101 0.41 99.31

8d 494 0.99 99.81

13d 494 0.53 99.90

aRemoval Efficiency
(Final conc. X treated sample weight)

.(Initial conc. X untreated sampeweihght)]j

bAverage of analytical duplicates.
CTest soil was >2 mm fraction.
dExperimental duplicates.
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the NCBC test soil sample, it is possible that the actual aliquot of over-
size material used in the test had a much lower initial concentration. On
the other bnd, these results may be due to the distribution or location of
herbicitde on/within the soil matrix. Coarse material, being comprised more
of i'pervious gravel and shells, may contain predominantly surficial depo-
Stts of herbicide, which vaporize more readily; heat and mass transfer are
not expected to s~gnificantly affect desorption rates for surficial depos-
its.

"For the tests performed at 568C whi'ch gave final 2,3,7,8-TCDD values
-less than I ppb, analysis of the treated soil was also done for the her-
bicide constituents identified in the untreated test soil (see Section II).
Table 11 lists these results. Fo- all soils, the residual concentration of
2,4-D was nondetectable at less than 50 ppb detection level and 2,4,5-T was
detected at less than 20 ppb. This represents a removal efficiency of
greater than 99.99 percent as given in Table 12. The residual con-
centrations of the three chlorophenols could not be determined below the
normal detection level (1 ppm) by the standard analytical protocol used.

Residual concentrations of all COD and COF cogeners above tetra were
non-detectable at levels typically less than 0.5 ppb except for the JI
samples. The hapta and octa CDO contained in the untreated JI soil were,
effectively removed, although a residual concentration of octa CDF repre-
sented 25 percent of the starting concentration. The detection levels of
the thermally treated samples were lower by a factor of 2 to 8 times,
apparently because of the absence of other chemical compounds and the
reduced Interaction of the CONs and COFs'with the soil matrix (Section 11).
The residual concentration of TCDF compared to the untreated soil indicates
a remova* efficiency of only about 90 pefcent for J3 soil and 80 percent for
NCBC, although final concentrations were less than 0.7 ppb for all soils.
This is contrasted to the removal efficiencies for 2,3,7,8-TCDD of greater
than 99 percent.

2. Physical Effects of Treatment

Visual Inspection and weight loss measurements were conducted to
understand the changes in the soil matrix caused by the exposure to high
temperatures. OTA analysis of each soil was discussed in Section 11. The
test temperatures used in the treatability study were lower than the OTA
range and lower than the temperatures achieved in the batch pilot kiln
"tests. Therefore, transformations observed during the treatability tests
are not fully Indicative of expected behivior in the MIS.

Table 13 presents the data on the total weight loss which occurred as a
result of thermal treatment, and compares this loss with the theoretical
loss attributed to initial Ofree moisture." The final column of values
represents the weight loss unaccounted for by initial moisture and is
assumed to be a result of combined thermochemical transitions of the mineral
and organic matter in each soil matrix. The data are arranged by soil type
and in order of Increasing temperature and time. All three soils show some
"increase in unaccounted-for weight loss as the temperature increases. This
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TABLE 11. ANALYSIS OF TEST SOIL SAMPLES TREATED AT 558C
FOR COMPOUNDS OF INTEREST

Goncentrationd (p[b)
Compound JIU Egl i V NCBC1-

- 2,4-0 ND(47) ND(12) ND(31)

2,4,5-T 16 0.8 3

* 44-dichiorophenol ND(1000) ND(1000) ND(1000)

2,4,,6-trichlorophenol ND(1000) ND(1000) ND(1000)

2,4,5-trichlorophenol ND(1000) ND(1000) ND(1000)
r
- Arsenic NAd HMd NAd

2,3,7,8-TCDD 0.81/O.31e 0.71 0.99/0.55f

TCDD 0.27 0.42 1.6

TCDF 0.63 0.40 ND(0.26)

PCDD ND(0.35) ND(O.29) ND(0.30)

PCOF ND(0.44) ND(0.39) ND(O.79)

HXCDO ND(O.40) ND(0.44) ND(0.41)

HXCDF ND(O.82) ND(O.31) ND(0.41)

"" HCCD Na(O.20) ND(O.34) ND(0.30)

HpCDF ND(O.52) ND(O.78) ,D(0.49)

OCOD ND(O.34) ND(0.68) ND(0.49)

OCDF 0.30 ND(O.40) ND(O.38)

aND u not detected using the analytical procedure identified in Section IF.
"Detection levels are given in parentheses.

bTime at 550C a 8 minutes.
CTime at 560*C - 15 minutes.
dArsenic not analyzed on treated soils since it was not detected in initial
test soils.

eAnalytical duplicates.

fExperiaental duplicates.
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TABLE' 12., CALCULATED REMOVAL EFFICIENCIES FOR 2,4-DBE AND 2,4,5-TBE
AFTER TREATMENT AT 558C

Removal e1'lclencyR
TO.SbiltT M%

nuimor I dentftfcation Z,4-UE _, 4, b-T5t

6 jIb >99.995c 99.9982

7 Eglinb >99.999' 99.9999

8 NCBCd >99.991C 99.9996

a~emvalEffcieny *100 1 -(Ihitial conc. X untreated sample weight)
bTi a of treatment - 8 minutes.
CEfficlency calculated based on detection level for the specific analysis.
dTim of treatment' 15 s nautes.
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weight loss, which is highest for JI soil, was expected, based on the DTA
results. The weight loss for JI soil would be significantly higher at temn-
peratures 4bove those used for the treatability tests (see Section IV).

The visual changes which occur to constituents of soil exposed to high
te.er#tures can indic4te irreversible physical and chemical transitions
which may influence processing characteristics in the MIS. For example,
upon drying a moist clay can fragment, producing many very fine clay par-
ticles which show greatly different behavior in the kiln. Attrition and
fusion or slagging are important changes that can be demonstrated in b'nch-
and pilot-scale devices. Combustion or pyrolysis (charring) of organic
matter can usually be detected through color changes. Color change ray al~o
indicate a mineralogical transition.

Inspection of the three test soils before and after the thermal deso'o-
tion tests resulted in several observations. The JI soil became aarker
(gray) in color and had evidence of small black particles. The WCBC and
Eglin soils changed from brown to reddish brown. No significant difference
"in particle size was noticed. Color photographs were taken of the soil
samples before and after treatment and are on file at IT Corporation.

4
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SECTION IV

BATCH KILN PILOT TESTS

A. EXPERIMENTAL PROCEDURES AND EQUIPMENT

Pilot-scale batch kiln tests were performed on uncontaminated samples
from the three sites. Testing was conducted by Allis-Chalmers during the
period of January 9-11, 1985 at its test center in Oak Creek, Wisconsin.
The test unit and procedures have been used by Allis-Chalmers for studying

r the processing of many different materials other than soil. The test con-
ditions were specified by ITC and the tests were witnessed by an ITC tech-
nical representative.

: :Tests were conducted in a 14-inch diameter batch kiln which is shown
sche-matically in Figure 7. A photograph of the pilot kiln system (being
used for a different project) is shown in Figure 8. A total of 11 tests
were conducted, using the three soils. The test conditions are summarized
in Table 14. Sample numbers used by Allis-Chalmers to identify the three
soils are given for references. The soil samples used in the tests were not
sieved; the particle size range was representative of the composite drum of
soil as received.

All tests were performed so that the final kiln temperature was approxi-
mately 1038*C (1900F) and the initial kiln loadings were 7 percent by
,volume. All tests were made with a kiln rotational speed of 2.8 rpm. These
values were selected to be representative of the MIS; the temperature and
loading are approximate upper limits of the operating range. Likewise, the
ranges of total gas flow rates were chosen to reflect the ranges of super-
ficial gas velocities that are used in operation of the MIS at 50 percent
excess air (10 percent excess oxygen) in the kiln. Three gas flow rates
were selected for each soil. In addition, one test using Eglin soil was
performed at a lower gas flow rate to allow comparison with previous test
data from Missouri soils. Another test using JI soil was made using an
intermediate gas flow rate to further define the relationship between
entrainment and gas flow rate. Higher rates of gas flow were not possible
due to limitations of the batch kiln.

Each test was run for 60 minutes. The kiln was brought up to tem-
perature and the initial gas flow rates were set before charging the kiln
with a preweighed quantity of soil. The soil charges were placed into the
kiln through the exit gas port, using a shovel made for this purpose. The
kiln is heated using natural gas and air and/or oxygen to satisfy combustion
parameters. The relative feed rates of these three gases were varied during
each run to reach and maintain the desired operating temperature while
keeping the total gas flow rate constant throughout the run. The gas feed
rates given in Table 14 represent the equilibrium rates achieved after
reaching steady-state.
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The gas and soil temperatures were taken by means of two stationary
thermocouples inserted through the exit gas port of the kiln. Temperatures
were recorded on a continuous chart recorder.

Particles escaping from the gas exit port were collected on three metal
trays placed on the floor and weighed after each test. Particle size deter-
minations were also performed on the collected material. For tests with the
highest gas velocity, some entrained solids fell outside the area covered by
the trays. When this occurred, the floor was swept after the test and the
sweepings kept separate from the contents of the trays. Some entrained par-
ticles may have escaped through the ventilation hood above the gas exit

r port. This loss is considered to be negligible, based on observations made
during the tests.

During Tests 3 and 5, the kiln was observed to leak at the beginning of
each test. This leakage was stopped after several minutes. The spilled
material from Test 5 was collected at 8 minutes into the test and found to
"weigh 0.66 kg. The material was allowed to remain in the tray during Test
3.

During Test 8, a power outage interfered with operation of the
"compressor that supplied combustion air to the kiln. The reduced air
pressure did not provide the desired air flow. Therefore, this test was
performed at a total gas feed rate of 32 scfm for 40 minutes and then at 24
scfm for the final 20 minutes of the test.

B. TEST RESULTS AND DISCUSSION

1. Visual Observations

During batch kiln testing, visual observations were made to assess the
characteristics of the soils during processing. JI soil was observed to
break apart during the run. The greatest apparent attrition occurred
"after 15 to 30 minutes. Bed temperatures during the maximum attrition
period were about 850C (15626F). This behavior is conside.-ed to be a
result of physical changes occurring during calcination. The color changed
from light gray to white.

Eglin soil showed little visual change during the tests other than a
slight color change. Small pieces of organic matter were observed to burn,
"but these particles amounted to only a very small percentage of the soil.

The NCBC soil was observed to have significant organic "burnout" during
the tests. Burning was observed both from fine organic matter distributed
evenly within the soil as well as a number of larger pieces such as small
sticks. After heating in the kiln, this soil had a distinctly different
appearance, changing from what appeared to be a relatively homogeneous mass
of fine material with some shells intermixed to a mixture of shell, sand,
and small gravel. Treated soil appeared to have a mich higher percentage of
shell than was apparent from inspecting the untreated sample, possibly as a
result of attrition of nonshell material or burn-off of superficial
material.
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In contrast to previous testing on Missouri soil, these three test soils
were observed to have significantly greater entrainment. This was apparent
from the visible presence of particles in the air-stream exiting the kiln.
Although most of the material was collected, some was observed as being in
the air that entered the fume hood positioned over the exit gas port.
Higher superficial gas velocities were used for these tests than for pre-
vious tests. Entrainment is discussed more fully below.

2. Test Data

The 11 test runs were performed at constant total gas feed rates. The
relative rates of air, oxygen, and natural gas supplied to the kiln were
adjusted throughout the tests to maintain the desired test conditions of
1038C (1900F) and 10 percent excess oxygen (-50 percent excess air). Oata
sheets given in Appendix B show the actual gas feed rates for each test,
along with recorded teaperatures of the gas and soil bed.

Feed motsture contents given In the data sheets represent the soil
moisture content of the samples as received. Previous tests with Missouri
soil dmonstrated the influence of moisture content on heat-up rates, attri-
tion and entratnmit; the influence of moisture content was not studied
during this test work.

a. Weight Loss Data

The data sheets in Amex 4 give the spctific weights oproductremaining In the kiln, exhaust dust co1lectid1n trays'pos~t idunder the
exit air port of the kiln, and floor sweepings taken from around the trays.
The floor sweepings were taken since entrained particles were observed to
fall outside the area covered by the trays. The weight of entrained dust
for each test was taken to be a combination of collected exhaust dust and
floor sweepings. Charge weights were determined based on the bulk density
of the soil and were calculated to be equivalent to a volume of soil equal
to 7 percent of the volume of the batch kiln* Table IS compares the total
product-plus-entrainmant weight with the charge weight and duamnstrates the
effect of differences in the therml stability and cooposltion of the three
soils. All tests with the JI soil were observed to have a significant loss
between the charge weight and the total product weight. Some of this loss
is attributable to loss of moisture, but the greatest loss is attributed to
calcination. In comparison, the Eglin woil had only a small weight loss

* that can be accounted for by loss of moisture and organic burnout. The
Gulfport soil experienced a weight loss intermediate between the other two
soils which was attributed to a combination of moisture loss, organic burn-
out, and calcination of the many shells observed in the soil staple. These
results are in agreement with the DSC/TBA results reported in Section 1I.

Bulk densities for the three soils as received are given in Table 16,
along with the densities of the kiln products after the tests. It 4•
apparent that the JI soil underwent a significant decrease in density during
the tests. This is attributed in pa-t to the weight loss caused by calcina-
tion (conversion of calcium carbonate to calcium oxide). The densit~y of
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TABLE 16. SOIL BULK DENSITIES BEFORE AND AFTER KILN TESTS

or test Soil
SNumber description Density (lb/ft 3)

S Sample 4760 Eglin As Received 80.04

Sample 4761 JI As Received 85.98

Sample 4768 NCBC As Received 78.92

Test 1 JI/After Test 55.56

Test 2 JI/After Test 54.31

* Test 3 Eglin/After Test 94.28

Test 4 3I/After Test 51.19
-- T s

.- Test 5 Eglin/After Test 92.40
m- Test 6 Eglin/After' Test 92.40

Test 7 JI/After Test 47.45

4 Test 8 NCBC/After Test 84.29

Test 9 NCBC/After Test 87.41

Test 10 NCBC/After Test 118.63

Test 11 Elgin/After Test 93.03
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Eglin soil appeared to increase slightly during the test. The density of
NCBC soil increased slightly in two tests and increased a moderate amount in
the third test.

b. Particle Entrainment Data

Based on the total combustion gas flow through the pilot kiln given in
Table 14, thq average superficial velocity within the kiln was calculated.
These values are given in Table 17 and compared to the relative weight of
entrained soil. Figure 9 shows the relationship between entrainment and
kiln gas superficial velocity for the three soils. Data were taken at gas
superficial velocities representative of MIS operation at 50 percent excess
air. One test for Eglin soil at 2.3 feet per second superficial velocity
was observed to have some leakage of soil from the front of the batch kiln.
This accounts for the high value for that data point.

Entrainment of NCBC soil appears to have the greatest dependence on
velocity while Eglin soil has the least. Eglin soil had high entrainment
for the entire range of superficial velocities, while the other soils had
Slower (less than 10 percent of total charge after 60 minutes) entrainment,
particularly at low gas velocities.

During the batch kiln tests, the soil bed was watched through the 5-inch
diameter exit gas port. The nature of the air currents in the kiln was

-. noted in all of the tests and could be observed particularly well during
periods when flames were present in the kiln as the result of organic burn-
out. The air currents appeared to be turbulent in all of the tests,
although tests at lower gas velocities (1.8 and 2,3 feet per second) had
significantly slower "swirlingA of flames.

The entrainment process appeared to be influenced by kiln rotation and
flow characteristics of the particular soil. As particles were rolled over
and subjected to the gas flow, they were caught by swirling currents
(eddies) near the soil surface. The eddies appeared to lift soil particles
into the exit airstream.I-

A direct relationship between entrainment in the pilot kiln and the MIS
cannot be made, so the values given in Figure 9 are not representative of
the MIS, nor can simple correlations be used to predict entrainment rate. A
limited study of entrainment theory was carried out as part of this project
to understand the iq~lications of the batch illn results. Although the
literature reports empirical relationships which are useful for evaluating
sisple flow situations, the accurate modeling of a direct-fired rotary kiln
processing a diverse range of solids requires considerable additional tech-
nical stuo.,ad testing. A brief sumary of literature findings is pre-

c. Particle Size

Screen analyses were run on the soil samles as re.eived, a&id for each
test om kiln products and entrained dust collected in the trayf. These data

I.



TABLE 17. SUMO. SOIL ENT•AINMENT RESULTS DURING BATCH

"Atupen~ca 1-gas EntrarmnIVA ra nt

SO I velociy %n ki in Volgnt I of
identlfication "O(ft/s.) (kg) charge Test No.

I.4

31 3.12 0.40 7.4 2

3i 4.67 0.51 9.4 7

"i 7.01 G.69 12.7 4

Eglin 1.71 0.89 18.7 11

Eglin 2.34 1.40 29.5 3

r Eglin 4.67 1.08 22.7 5

Eglin 7.01 1.45 30.6 6

NCBC 2.34 0.14 3.0 8
, KCBC 4.67 0.57 12.2 9

F NCBC 7.01 0.94 20.1 10
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are presented in Annex 4. All screen fractions are _Ijveas s a per ent ae.
of the initial sample weight. Both Tyler and ASTM micron sieve sizes are
given.

The results of selected screen analyses are summarized in Figures 10,
11t ahd 12. Each figure gives the particle size distribution of the soil
fractions that apply to the test conducted on each soil with a gas super-
fidc1l velocity of 7.1 feet per second. This superficial velocity was
selected since it produced the maximum entrainment during the tests, giving
a larger sample of exhaust dust for screen analyses. The figures plot the
screen size versus the weight percent of the total sample retained on that
sieve. The total of the kiln product and exhaust dust equals 100 percent of
the total zoil recovered after the test.

Figure 10 gives the results from Test 4 with J1 soil, showing a shift in
the particle size representing attrition during the test. It is also
apparent that the smaller particles were selectively entrained.

Figure 11 gives the results from Test 6 with Eglin soil. The screen
analysis of the sample as received reveals that the soil has a fairly uni-
form size of about 28 mesh. No separation of finer particles from coarser
particles was observed in the exhaust dust and kiln product. The size
distribution after batch testing closely matched that of the sample as
received.

"Figure 12 gives the results from Test 10 with NCBC soil. The screen
analyses of the kiln product and exhaust dust show the selective entrainment
of the smaller particles, starting at about 28 mesh. Tho combination of the
kiln product and exhaust dust closely matches the screen sizes found in the
sample as received, indicating little or no attrition oragglomeration. The
reductioi of particles in the 0.75-inch range is attributed to the burning
of sticks that were observed in the sample.

d. Temperature Data

During batch kiln tests, temperature data for the soil and exhaust gas
were contlnuojup"t recorded; these data are given in Annex 4. ,Fna1. tem-
peratues_ '(ai' steady-sta'te') "a*r'e li~s~ted inT-ab-le- 14.- Since all the tests
were conducted to achieve the same final temperatures, the only differences

- between tests were during the heat-up period, which lasted from about 6 to
30 minutes depending on heat input, charge weight, moisture content, and
soil type. Figure 13 compares temperature profiles for the three soils at
the same heat input. For J1 soil, a plateau at about 850% was obvious,
corresponding to calcination. The heat-up rates for J1 and NCBC soil were
influenced by the higher initial moisture content. Also, the charge weight
for J1 soil was greater than the other two.

e. Dynamic Angle of Repose

The dynamic angle of repose for the three soils was measured using a
38-inch diameter drum, rotating at 0.82 rpm. This property Is important in
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assessing the soil flow characteristics and resulting effect of kiln incli-
nation on residence time. Tests were conducted on all three soils as
received and on NCBC and Eglin samples after firing In the kiln. Data from
these tests are given in Annex 4 and summarized in Table 18.

During this testing, JI soil was observed to roll over in a continuous
fashion, with the larger particles generally staying on the outside of the
sample, covering smaller particles underneath. The observed angle of repose
was slightly greater than that for Missouri soil (clay-loam) studied pre-
viously, but close enough to allow data measurements of flow of Missouri
soil through the MIS kiln to be applied to predictions for JI soil. A kiln
loading of approximately 6 percent will be used in calculations related to
heat transfer.

Eglin soil was observed to have a relatively low angle of repose, as
would be expected from sand. After firing, the observed angle decreased
significantly and the sand was observed to flow in a smooth motion. It is
expected that this soil will flow quickly through the MIS. The Allis-
Chalmers conputerized mass flow model has not been verified with soils and,
therefore, it is not possible to accurately predict soil flow rates through
the MIS. An assumption of a kiln loading of 4 percent will be used in heat
transfer analyses, based on previous MIS trials using sand.

NCBC soil was observed not to have the rolling motion characteristic of
the other two soils. Instead, this soil stayed in a mostly stable mass
which slid dowal the side of the test apparatus without much blending. After
firing, the soil was observed to exhibit some rolling motion, although the
sliding was still apparent. The sliding motion is thought to result from
the presence of a large number of shells in the soil. This soil will have a
high loading in the MIS, even though the measured angle of repose is low.
!No previous specific HIS test data or validated flow models are available to
confirm this. The loading of this soil will be taken to be 7 percent for
the purpose of heat transfer calculations.
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TABLE 18. SUMMARY OF DYNAMIC ANGLE-OF-REPOSE MEASUREMENTS

initial Bed An9 e of repose
So-, moisture loading Upper section Lower section

identification () (W)

3! 6.5 7 49 39

Elgin 1.2 7 44 35

Egllnb -00 4.4a 32 32

NCBC 6.4 7 40 40

NCBCb -0 2.5a 35 33

alnsufficlent sample remaining to have desired soil charge.

bAfter firing in kiln.
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SECTION V

HEAT TRANSFER EVALUATION

A special computer program was used to model heat transfer in the MIS
kiln for the three test soils. The program had been developed and was
applied to this study by Allis-Chalmers personnel. Previous results ITC
obtained from a similar study of Missouri soil were used as a basis to
select the input conditions for computer runs. The program models the
overall heat transfer in a kiln by dividing the kiln into three or four
regions and modeling each region separately. In the first region, the wet
solid is heated from ambient temperature to the boiling point of water. In
the second region, water Is evaporated at a constant solid temperature. In
the third region, the dry solid achieves its final temperature. If calcina-
tion is known to occur, a fourth region is modeled for its heat duty at
constant temperature. This region is important for studying lime kiln per-
formance.

The heat transfer constants used in the computer calculations were
derived from a proprietary Allis-Chalmers data base developed from studies
using other feed materials typically processed in rotary kilns, such as

- limestone. The constants are adjusted according to the characteristics and
configuration of the kiln which is to be modeled. A difficulty in accu-
rately modeling the heat transfer characteristics of the NIS kiln is pre-
sented by the flights within the kiln toward the feed end. The heat
transfer constants used in this study were the same as those used for the
study of the treatment of Missouri soil in the MIS. The program does not
account for differences in the heat transfer characteristics (other than
heat capacity) of various soil types or particle sizes. The constants are
listed with the sample computer printouts in Annex 10.

The runs were selected to demonstrate the differences in the predicted
soil time-temperature profiles due to differences in overall heat duty and
soil heat capacities, as obtained from TGA and DSC analyses described in
Section I1.

A. OBJECTIVES

Definition of heat transfer in the MIS kiln enables prediction of the
operating limits for maxinum soil processing rates. The maximum feed rate
varies dramatically with the comosition of the soil being treated.

-- ODifferences in soil that affect the treatment rate include the moisture con-
tent, organic content, quantity of material subject to themochemical trait-
"sitions (e.g., calcination), heat capacity, and requirement for excess air
(to meet RCRA/DRE requirements) during kiln operation.

Prediction of the maximum treatment rate is important in assessing the
cost effectiveness of using the HIS or some larger rotary kiln incinerator.
The projocted maximum processing rate will also be usefbl in planning and
conducting effective field demonstrations. Operating the MIS near its maxi-
mum capacity will provide valuable data with which to evaluate/design larger
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system. This will allow accurate cost analyses to be done on larger units
to aid in comarison with other treatment alternatives.

An additional objective of the heat transfer work was to help define
possible improvements in the MIS, identify important data collection needs
for field demonstrations, and reveal major design changes that could be
incorporated in a larger-scale unit.

B. PREVIOUS HEAT TRANSFER STUDY RESULTS

The heat transfer characteristics of the MIS in treating soil from
Missouri were studied extensively during previous work for the EPA. In 'hat
study, the effects of soil moisture content, heat capacity, and kiln excess
air on the time-temperature profile of soil in the kiln were investiqated.
Also, a series of heat and material balances was performed using ITC s com-
puter model. The results of that work, which are important to understanding
of the results reported herein, will be documented In an EPA report in 1985.
A synopsis of the conclusions and observations of the previous work is given
here.

Previous work demonstrated that the kiln would not normally be limited
by heat transfer within the range of operating conditions selected for the
Missouri trial burn. Overall MIS capacity limitations include the rate of
the solids feed system and the requirement for a 2-second residence time for
gas in the secondary *ombustioti chamber (SCC). The limit on the SCC results
from the high percentage of kiln excess air used. It was determined that
kiln excess air needed to be less than 100 percent and preferably less than
50 percent before the kiln could be operated at its heat transfer limit.
The primary effect of soil moisture content was the increase in enthalpy due
to vaporization, which reduces the heat available for quickly increasing the
soil temperature. The reduction in available heat caused by soil moisture
becomes very important above 10 percent. Soil moisture content had a
greater' effect on soil discharge temperature than the dry soil feed rate
within the range studied. This limit is a result of the total fuel that can
be fired, rather than of heat transfer. The heat transfer rate will affect
capacity only when these other limitntions are removed. Heat transfer is
limiting when the feed rate increases to the potnt where the soil residence
time in the kiln is low, and therefore the soil dwes Pot reach the time-
temperature condition required for sufficient decontWiation.

Several recomendatiors wotre presented to EPA based on this previous
work. The first and fortmost was to operate the incinerator at o•w excess
air concentrations. tormal operation of hazardous waste incineratrwrs calls
for excess air concentrstiofis of 100 to 150 percent. This gives a N•ushion"
to allow the syStem to handle sudden surges in the waste feed heating value,
and prevents conditioais where complete combustion is not obtained. When
treating soil, which tuac , negligible heating velue, this mode of operation
is not necessary, eliminating the need for high excess air. This allows
operation at lower (2i to So percent) excess air, reducing entrainment and
enabling higher heat Input and corresponding higher soil feed rates to
achieve a given time-tmperature condition.
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Physical modifications recommended for the M15 included the addition of
, dams at the discharge end of the kiln and modifications in the exit air

*' discharge ducting to permit greater adjustment in kiln slope. These modifi-
cations would increase the maximum kiln loading and therefore enable higher
"feed rates while maintaining the required soil residence times. These modi-
fications would be particularly important in treating a free-flowing soil,
such as sand.

C. HEAT TRANSFER COMPUTER SIMULATION RESULTS

Computer runs were selected to give a number of data points in the
region of maximum kiln capacity for each of the three soils. The conditions
were selected based on knowledge gained through the previous work and spe-
cific data gathered on the soils during the batch pilot kiln tests and
laboratory treatibility tests.

Table 19 outlines the 15 heat transfer runs performed; five runs were
performed for each soil. Example printouts of the computer runs are given
in Annex 10, along with heat and mater.al balance program runs performed
at the same conditions. Three of the runs for each soil were performed at
conditions of 12 percent moisture and 50 percent excess air, with varied
feed rates, to allow definition of the heat transfer limit. Two additional
runs were performed on each soil at 25 and 100 percent excess air to
demonstrate the effect of excess air concentration on treatment. A constant
fuel feed rate to the kiln equivalent to 5.5 million Btu/hour was used for

* all runs. Higher kiln heat duties would make it difficult to maintain the
- •radatory 2-second residence time in the SCC.

The results of tht 15 heat transfer runs are summarized in Table 20.
Comparison of the runs demonstrates the effects of soil feed rate and kiln
excess air on soil discharge temperatures. The results of the heat and
material balance program runs are also summarized in Table 20. This program
assumes temperature equilibrium between the gas and solids. This tem-
perature represents an average between the two temperatures given by the
heat transfer program, weighted for the heat capacity of the total gas and
solids leaving tile kiln. Inspection of Table 20 reveals that the heat and
material balance program gives a somewhat higher temperature than does the
Allis-Chalmers heat transfer model. The magnitude of this difference is not
considered significant since the lower temerature calculated by the heat
transfer program will result in conservative estimates of the kiln capacity.

The soil temperature predicted by the heat transfer program assumes a
uniform bed temperature. In an operating kiln, temperature gradients will
be present in both individual (large) soil particles and in the tilk soil
bed. To account for this, an allowance of approximately 50'C (90oF) should
be made in the soil discharge temperatures. For soils that may have a
higher temperature gradient, such as those with relatively large chunks or
those that do not mix well in a moving bed, the allowance may need to be
slightly greater.
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Past comparisons of the heat transfer model with actual MIS operational
data have indicated that the heat transfer coefficients used in the model
may be slightly high, causing the model to predict higher soil discharge
temperatures and lower exit gas temperatures than those experienced in the
kiln. The magnitude of this effect is undefined and will require evaluation
of additional operating data. However, preliminary indications are that the
effect is less than 55*C (100*F) for soil discharge temperature when the
kiln is operating at low mass flow (-1000 pounds/hour), low firing rate
(-3.0 mm Btu/hour), and high excess air (-100 percent). T;ie results pre-
sented in Table 20 should only be employed for approximate estimates of kiln
capacity.

The data presented in Table 20 indicate the thermal and heat transfer
limitations of the MIS kiln for treating the three soils of interest. At 50
percent excess air and 12 percent moisture, all three soils apparently can
be treated at a rate of 4000 pounds per hour dry weight as determined by
soil exit temperatures above 700oC (see Section VI). The Eglin soil may
have a slightly lower maximum rate, due primarily to the free-flowing nature
of the soil which reduces the kiln loading and associated soil residence
time. At 100 perceit excess air, the heat transfer limit appears to be
approximately 3400 pounds/hour for the JI and NCBC soils and somewhat lower

( for the Eglin soil.

"The heat and material balance program was used to check the results from
the heat transfer program and to examine limits in the secondary. combustion
chamber (SCC). The heat and material balance evaluation results revealed an
additional system limitation at 100 percent excess air. Table 21 gives the
secondary burner fuel requirements for the 15 example runs. Examination of
Runs 4, 9, and 14 in Table 21 shows that the burner requirements in the SCC
exceed the burner limitations of 5.5 times 106 Btu/hour., This limit relates
to both the actual burner feed rate limitations and the limit on combustion
gas flow rate that may be tolerated in the SCC to meet the 2-second gas
residence time requirement. Analysis of the runs performed at 3400
pounds/hour and 12 percent moisture yielded maximum excess air percentages
of 61, 66, and 74 percent for treating Eglin. JI, and NC8C, respectively.
However, the above analysis assumes that the solids discharge and exit gas
temperatures in the kiln are equal. In the operating system, the gas tem-
perature entering the secondary is significantly higher than that predicted
by the heat and material balance program. Therefore, the heat load on the
secondary burners would be expected to be less than calculated, allowing
higher soil feed rates at the same excess air and moisture indicated by the
values in Table 21. In summary, operation at 100 percent excess air, 3400
pounds/hour dry solids feed, and 12 percent moisture represents a point
close to the operational limit of both the kiln and SCC.

The effect of soil moisture content was not included is part of this
heat transfer study. For estimates of system performance at higher moisture
contents, the total water feed rate as given in Table 19 should be used for
comparison, rather than the dry soil feed rate. This should yield reason-
ably accurate results for soil having moisture contents up to 20 percent.
Reports describing previous heat transfer studies should be referenced.
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TABLE 21. SECONDARY COMBUSTION CHAMBER BURNER FUEL REQUIREMENTS
FOR HEAT TRANSFER RUNS

Run 0,11 E.xcess oi01dry S.. burner require-
No. identification air (%) feed rate (lb/hr) ment (106 Btu/hr)

*1 Eglin 50 34C0 4.756
2 Eglin 50 4000 5.562
3 Eglin 50 3000 4.186
4 Eglin 100 3O00 7.651
5 Eglin 25 3400 3.402
6 i1 50 3400 4.630
7 ji 50 4000 5.424
8 JI 50 3000 4.063
9 JI 100 3400 7.501

10 3l 25 3400 3.262
11 NCBC 50 3400 4.119

. 12 NCBC 50 4000 4.842
143 NCBC 50 3000 3.606
14 NCBC 100 3400 6.988
15 NCBC 25 3400 2.781
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SECTION VI

EVALUATION OF MIS TREATMENT CAPABILITIES

In order to translate the laboratory treatability data and the calcu-
lated heat transfer rates of the MIS kiln to a projected overall soil treat-
ment capacity, a statistical evaluation was performed and the results were
combined with the predicted soil temperature profile in the kiln. Multiple
linear regression analysis was performed using all the treatability data,
considering a variety of different mathematical models relating time, tem-
perature, and 2,3,7,8-TCDD concentration. This data analysis was done using
the computer software package SAS (Statistical Analysis System) developed
and maintained by the SAS Institute, Box 8000, Cary, North Carolina. Dr.
Robert McLean, Professor of Statistics at the University of Tennessee,
Knoxville, Tennessee carried out the statistical evaluation as a consultant
to ITC. A similar statistical evaluation was previously performed on
treatability studies of a single Missouri soil contaminated with
2,3,7,8-TCDD. Therefore, some of the models which were evaluated had
already been identified and were simply confirmed using the new data. In
addition, several new models were considered which utilized the initial

* •2,3,7,8-TCOD concentration as a variable, since each of the three soils had
different initial concentrations.

Statistical evaluation of previous laboratory thermal desorptlon test
r data had shown that soil moisture consent and purge gas type and flow rate

had no significant effect on treatability, except the indirect effect of
initial soil moisture on the temperature profile (heat-up time) during a
"specified treatment period Particle size was shown to have an effect only
for gross differences (e.g., 5 cm cubes vs 2 = material), and this was con-
sidered to be primarily due to heat transfer within the large particles.

The data base used for the statistical analysis is presented In Appendix
1. For each test, dfferent parameters such as time, temperature, vapor
pressure, etc. were calculated for use in the regression analysis.
Mathematical models were developed relating the concentration of
2,3,7,8-TCDD afte; treatment with one or more of the parameters.

. The effect of soil type on treatability was determined to be minor if
. the variation in starting concentration was accounted for. There was no

statistical method to ascertain the effect of soil type because only one
starting concentration for each soil was available.

*. The three models which were found to best fit the 16 laboratory desorp-
tion test results from this study, and their R-square values are as follows:

LNPD - 1.170 - 4.164 X 10"5 (IVP) (1)
R - square - 0.80
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( LNPD a -0.213 - 8.63 X 10-5 (IVP) + 3.02 X 10-10 (IVP) 2  (2)

R-square a 0.91

LD a 0.204 + 0.908 (LINC) + 0.226 (TIME) + 1.91 X 10-4 (TEMP) (3)
-5.97 X 10-6 (TEMP) 2 - 5.24 X 10-4 (TITP)

R-square = 0.93

where:

LNPD - loge of weight fraction of initial 2,3,7,8-TCDD remaining after
treatment,

IVP a integral of vapor pressure over the treatment period
"(mmHg. minutes),

LD - loglo of final concentration (in ppb) of 2,3,7,8-TCDD,
LINC log91 of initial concentration (in ppb) of 2,3,7,8-TCDD,
TIME - time at constant nominal treatment temperature (minutes),
TEMP a nominal treatment temperature (C), and
TITP - TIME • TEMP.
The integral of vapor pressure is determined b,, calculating the vapor

pressure of 2,3,7,8-TC9D for the average temperature during each 1-minute
interval (including during the heat up period) and summing these values,

r which is essentially equivalent to the area under a plot of vapor pressure
versus time. The predicted vapor pressure of 2,3,7,8-TCDO is shown in
Figure 14 with the corresponding Antione equation (Reference 15).

These models are, to some extent, a function of the characteristic time-
temperature profile for the experimental apparatus and procedures used to
generate the data. This must be considered when attempting to predict

•- treatment performance In the MIS, which will have a somewhat different time-
temperature profile depending on a number of factors, such as initial soil
moisture content, solids feed rate, and heat input.

"Figure 15 is a plot of LNPN versus IVP, showing reasonably linear depen-
dance, By using Equation (2), the approximate conditions of time and tem-
perature to achieve certain treatment efficiencies can be calculated.
Figure 16 shows the significance of temperature on reducing the con-
centration of 2,3,7,8-TCDD from 100 ppb and 500 ppb to 1 ppb. Assuming a
constant solids temperature within the MIS kiln, the required residence time

:, for the 100 ppb contamination level varies from less than 1 minute at 800*C
to about 16 minutes at 5009C. Less residence time would be required for
soils with lower contamination levels. However, the solids temperature in
the kiln varies and complicates the prediction of residence time require-
ments.

The relationship found in this study between treatment efficiency and
time-temperature, as represented by Equations (1) through (3), is comparable
to the results developed previously for Missouri soil.
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By employing the heat transfer program discussed in Section V, the soil
time-temperature profile for any set of conditions can be estimated.
Figure 17 shows the calculated soil residence time for each linear foot
(indicated by a dot) of the kiln, considering the measured soil density,
estimated loading, and selected soil feed rate of 4000 pounds per hour dry
weight. The corresponding vapor pressure-versus-time profile shown in
Figure 18 was developed from Figure 17, assuming that the soil temperature
increases stepwise at 1-foot intervals. The average of the calculated vapor
pressures at the front and rear of each 1-foot interval was used to develop
the values for each point on the curve. The area under this time-vapor
pressure curve was approximated by summing the area of the steps in the

r• Ffigure. By using the resulting IVP value of 141,000 nmmIg.min in Equation
(1), and assuming a soil feed containing 500 ppb, the estimated final
2,3,7,8-TCDD concentration was calculated to be 0.4 ppb. This value is near
the lower limit of the treatability data used to generate Equation (1).
Predicting values below 0.1 ppb would not be justified without further data
taken at low dioxin concentrations (0.1 ppb).K 'This same procedure was used to calculate the final 2,3,7,8-TCDD :on-
centration for each of the heat transfer cases described in Section V.
Table 22 reveals that the model predicts that 2,3,7,8-TCDD concentrations of

r [less than 1 ppb will be met for all but two cases. Both of these cases
assumed high excess air concentrations (100 percent). However, upon exami-
nation of the computer sheets for Run 9, it was discovered that the heat
value was input as a negative number, reducing the discharge temperature by
about 50n (900F). If this had been input correctly, the predicted con-
centration would fall below 1 ppb. Run 2, which had a high soil feed rate
(4000 pounds/hour), and low kiln residence time, was the only other run that

Sl-gave a final concentration above 0.1 ppb.

The predictive model is strongly a function of temperature. Using Run 2
as an example, predicted temperatures were reduced by 555C (100F) and the
final 2,3,7,8-TCDO concentration recalculated. This method yielded a

I. •revised concentration of 7 ppb. The other runs were evaluated using the
same reduced temperature. This did not significantly affect the results,
for Run 14, which yielded a predicted dioxin concentration of 2 ppb.

The predictive model is also affected by the assumptions made on kiln
loading given in Section IV and summarized in Table 19. As an example, the
predicted 2,3,7,8-TCDO concentrations were recalculated for Run 4 assuming a
kiln loading of 7 percent as opposed to 4 percent as used for Table 22. The
resulting dioxin concentration for this case was 5 ppb, which represents
close to the maximum effect possible for variations in kiln loadings.

To select a set of MIS operating conditions (time-temperature com-
! *I binations) that will met the required treatment efficiency (1 ppb), all

parameters affecting heat transfer, heat duty, soil residence time, and
starting 2,3,7,8-TCOD concentration must be specified, and the other limita-
tions of the HIS discussed in Section V must be considered. Excessive
moisture and soil feed rate will pose difficulty in achieving decon-
tamination criteria if highly contaminated soil is processed.
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TABLE 22. PREDICTED TREATMENT EFFICIENCY FUiO HEAT TRANSFER RUNS

Kurt - 311 E.xcess" ýol I dry a cl Mlaed -2. J. 1, 3-1 COU

No. identification air (%) feed rate (lbfhi) concentration (ppb)a

1 Eglin 50 3400 (.
2 Eglin 50 4000 0.4
3 Eglin 50 3000 4.
4 Eglin 100 3400 20
5 Eglin 25 3400 40.1
6 JI 50 3400 <0.1
7 Jl 50 4000 '(0.1
8 JI 50 3M00 40.1
9 JI 100 3400 16b

10 1I 25 3-00 40.1
11 NCBC 50 3 40.1
12 NCC s50 4000 40.1
13 NCBC 50 3000 40.1
14 NCBC 100 3400 40.1
15 NCBC 25 3400 •0.1

aAssuams initial concentration of 500 ppb 2.3,7,84CM1 and 12% moisture.

boata for soil heating value was input as negative due to cIcination
endotherm; actual concentration is expected to be somewhat lo.r (f1 ppb),
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"SECTION VII

COKLUSIONS

The following conclusions, based on the results of the project, are sup-
ported by previous results of related studies.

1. Thermal treatment studies of Herbicide Orange-contaminated soils from
Johnston Island, Eglin Air Force Base, and the Naval Construction
Battalion Center at conditions representative of the MIS capabilities
were successful in achieving less than 1 ppb residual concentrations of
2,3,7,8-TCDD and related isomers in the treated soils. Concentrations
of 2,3-DBE and 2,4,5-TBE were reduced to less than 50 ppb under the same
condition, equivalent to greater than 99.99 percent removal efficiency
from the soils. This reimval efficiency is not the same as the ORE
determined by steack gas sapling on incinerators.

2. Treatment is greatly influenced by temperature and residence time.
*, Statistical evaluation of the treatability data from all three test

soils showed thie 2,3,7,8-TCOD concentration after treatment to be
Sr directly proportional to the starting concentration-and logarithmically

proportional to the time and temperature.

3, The soil type had a minor influence on treatability. Eglitt soil gave
the highest removal efficiencies and Johnston Island soil gave the
lowest. The differences in treatability appeared greater at lower
temperatures.

4. The treatability of thethree soils studied was comparable to that of a
Missouri soil sample studied previously in the first trial/demonstration
burn of the EPA MIS. The influence of treatment time and temperature on
removal efficiency was very similar.

S. Chemical and physical changes occurred in each of the three soils
studied, depending on their composition. None of these changes were

* ,determined to pose a serious operational difficulty, such as slagging.
However, the JI soil showed substantial weight loss, presumably accom-

Spaonied by the generation of carbon dioxide, and consumption of heat as a
"result of calcination.

6. Entrainment of soil particles was determined to represent a potential
operating difficulty if high soil feed rates and high excess air are
used. The amount of entrainment is dependent on soil type and
corresponding particle size distribution.

7. Based on conputer sitalation, heat transfer rates in the kiln should not
limit the HIS capacity to treat contaminated soil for any of the three

* soils If moisture content is below about 20 percent. Other physical
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attributes of the MIS, including SCC burner feed rates, soil feed
system, kiln loading, and operating protocol, such as using high excess
air, represent kiln capacity limitations. Soil processing rates of 3500
to 4000 pounds per hour should be realized, even with highly con-
taminated soil at these sites.

I--
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SECTION VIII

RECOMMENDATIONS

f

To validate the heat transfer and heat and material balance computer
simulations used in this study, a thorough review and interpretation of all
available operating data from the recent MIS trial/demonstration burns
should be performed. In addition, appropriate additions in data
collectlon/instrumentation, particularly accurate measurement of solids tem-
perature in the kiln, would provide a sounder data base for this validation.
"This would enable better predictions of operating capabilities when con-
sidering the variety of applications and operating conditions which could be

* involved in soil decontamination efforts.

Additional studies should be carried out to better define particulate
entrainment from soils processed by the MIS (or other kiln systems).
Preliminary review of pertinent theory and available data provides justifi-

* cation and a basis for comprehensive evaluation of this important process
aspect.
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Annex 1

BATTELLE METHODS EMPLOYED IN THE

PHYSICAL-CHEMICAL ANALYSES OF JI,

EGLIN, AND NCBC SOILS

IA STANDARD OPERATING PROCEDURE FOR DETERMINATION OF SOIL ORGANIC

MATTER

1B STANDARD OPERATING PROCEDURE FOR DETERMINATION OF SOIL PH

1C STANDARD OPERATING PROCEDURE FOR DETERMINATION OF ELECTRICAL

CONDUCTIVITY IN SOILS

ID STANDARD OPERATING PROCEDURE FOR DETERMINATION OF SOIL SURFACE AREA

1E STANDARD OPERATING PROCEDURE FOR PARTICLE SIZE ANALYSIS OF SOILS

IF STANDARD OPERATING PROCEDURE FOR DETERMINATION OF SOIL CATION

EXCHANGE CAPABILITY

IG METHOD FOR DETERMINATION OF TOTAL SOLVENT-EXTRACTABLE CONTENT OF

SOILS AND SEDIMENTS
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Annex 1A

July 17. 1984

STANOARO OPERAM6 PROCSORE FOR
OFrIMINATION OF 3011 ORGAXIC MAMMER

-" This ached detects the organic mttar camtnt of sails based oan te
oxidation of organic carbon by potassium dchroamta. A cloo•imetric deterin-
ation of the C•3* ion produced is used to determine the organic matter
Present based on tht coparisonI with standard soils of known organic sattar.
Sy adjusting the riecia of reagents and sail, the organic mttoar content of a
wid v1Me.ty of sails can be determined by this method (Schulte, IM; Watson.

7. I7i).

2.0 Sumar of Method

Soils of know organic mtter ontent and tsn soils are treated

with potassium dichromato and sulfuric. acid to oxidi:e organic carton. After
"tareatment with barium chloride, all solutions are a1looed to stand overnignt.

The absorbanca for each solution is r•ad at 411 a on a spectroohotomwetr and
moranic attar Is detarmined from the standard curv.

L... 3.0 Zntirference

Chlorides in soils can reduce C,0,Zt leading to CP3* and

thu.s unrealistically •igh results. Fterrus iron can also lead to uirealis-
Vically high results. ODU-ng ali dIlnq of soils, however. FeSZ IS OXidiZed
to F•I3, minimizing the interference caused by Ft2*. Oxides of Mn can
oxidize soil organic 5 Itt"r, g•ving uirealistically low results. These
Interferences are not usually serious (Schulte, 1980).

c.. A0,- ApOaratus

4.1 Colorlmeer. A high quality soelcro•natometer capable of

measuri ng absortance at 611 no, for detecting the presence of CP3*.
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Julyv 17. 1984

14.2 Flasks, 125 ml Zlenaaver flaSks acid wasned, for mixing soil
and tagmnt$.

4L.3 Saianct. A to-loading balance for wetighng soil to thne
searest 0.01g.

4. -Stir Anid. lass stirring rod, for iAzing the soil ind
reagmts.

4.5 Pipettes. Glass volusnulrc pipejns of 10.0 and 20.0 al
capacity.

4.6 4rtduatgd cylidegr. 100 nt csalty graduated cylinder, for
adding 84i21 solution to soil$.

.1' _ •! obsutiu d1• s....Ps 0ISalsvl 98.07g KCZr0 per
1.0 1 I4rantud water.

5.2- jcgpetrfhldsul furlc ae i (16 - ,

.L. 5.�3_0.5_ (Wtv) bariumc .A_]oride, 0solve 5 g SaC1lt1 1.0 1
Sarscaid waut.

5.4- 2CugnIc mgtbr itsndaru. A sail of knom organic anolr
confte. from which various weights are taken to prepaPr the sOtadard CUP"vi.

6 ,0 CS Ibration

Calibration for this procedure, iside frin routine calibration of
balances, Involves careful preparation of the standard curv". Using the
sandard Stol, Wign oat 0 0., 1.0, 1.5. 2.0, and 2.5 1 portions into
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EVF 3-08-1

iI

r uiy 17, 1984

4.2 Flasks. 125 ml Irlenauyer flasks acid was.ihc, for mixing soil

*-iand reagentl.

4.3 Salanc.. A to--loidtinq balance for weimi•ng soil to Vie

nearest 0.010.

So 4.4 StIr Rods. G1ass s:trring rod, for mixing thie soil and

4.5 Pipatoso Glass volurteric pipettus of 10.0 and 20.0 ml

capacity.

4.5 Gridgated cylinder. 100 a) capacity graduated cylinder, for
adding 80r12 sooltion to soils.

5.0 RuetI-

5.1 2N o•tassium dcw•r...ta,. Ofslolve 98.07g KZN,-G0? Pe-

1.0 1 S1rnte,4ed water.

-L4"Cfnetntat1d•sulfrtc 104.19% ,S_)

. "0.9% Wvi baitum •10e'! Dissolve 5 g 3AC1Z in 1.0 1

Iarwst aid water.

5.4 0rmeni- u•t•.,undra. A soil of known organic matter

content, frp which various wlglt$ art taken to prepare tie standard curve.

6.0 Calibrotion

Catlbration for this procedure, aside from rloutine a11ibration of

balances, Involves careful peptaration of tle standard curve. Using "ie

* , ~**standard soil, we*gn out 0, 0.5, 1.0, 1.., 2.0, and 2.5 pontions Into

I8
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sMAorM8e 125 m !rlenFInyWr flasXs :hat have been acid wasned. Aandle the
standards exaciY as duscribed below in Seci.oan 7.0, Procedures.

74~ P,'jcadures

Jeign 1.09 of Air-dry, 2 = nsh sievei soil Intn a 125 ml

£1-e1"yr flask. Owending on the organic fat:ar Content, the amunt of SOil

3ay have to be reduced. For soils expecad to Contain gr•ator :thn 1021

organic matter, but wni•h art not truly organic soils, use a 0.5 9 sample.

For an organic soil, use a 0.1 g porton. TO owcn flask (standards and sao-

pies), add 10 ml of Vi( K2 CP7 and swirl :o miz. Then aid 20 .1 concen-
tratea H2SO4 and swirl t*o mx well. Loave ecn flask undisturmad for 60
anutas. N4, in the San sequence as the acid was added, add to each flask

100 ml of 0*5, , 4121 sliutpn. Lea"e the flasks undisturbed overnight. Set
thes 50er. otrometr to 611 M1. the slit width to M.Q U, the Iap switches

to visible, and the ande to absorbance. Turn on th spbactrPhotoimtr, allow
sufficient tim for wr M-up (approxiutscly 2 hours), And determine the absoro-

ncane of eac solution at 611 na. including all stendards, lainks, and samples.

8.0 Calci1lations

Plot the standard urve on graph paper or via linear Preession as

percent organic natter versus absorbence at 611 me From the eusoroance of
the sa&mles, the corm.oonding percent organic itter can be detem0ned from

t-1e standard cumv.

9. 0 Roforewtncg

Smonte. E.t.. 18811. Recommended soil organic mottor test, pp 28u31. in:
Aecoil•nded Chemical Soil Tat: Procedurts for the North Contral Aetion, Nor.t
Central Regional Piublication No. 221 (Reylisd). North Dako4a Central Agricul-
tural *-xosrimm Station, Northl Dakota State University, Farga, Not-t Dakota.

Watson, -4.Z. 1,978. Sail Itasting procedures, Aesearem Extension Analytical
Laboratory. Ohio Agricultural Agssar,1 and .Ve|looant Center, Wooster, Ohio
20 •o.
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Approved by:

:r i ~Seetlon/,2 " apr-etatati~ve

".&M

A. A. "Kaler'
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STAXWAO OPEUTING PROCZ-MIA! FOA
WMTRfU(T10N OF SfL. pil

1.0 Sc:ou

S.1l Oif is a mosur of thue hydroug iom cancentr":1o n to e soil

solution. This mmood 4asetortinhs soil solutio 0i vnen soils ir m1xd in a
S 1!.- I-stt (weignt:volu ) wiUt. vIAar. It has bm. •fl r n~ 45 stannaare

fechod foe tie dateut nattlon of soil ;H by the (ar- Central Rtegin Soll
TestIng Cavmit . *icn includs repruentaivas fro= Alasks, Illnutis,

Indlian, Iowa, Umax, mct n, Minmeeou, Misauri, Nqmorska, No~r" oQ €t,
Ohio, PuwarylvemtS, Sou= O"ou, and Wiscamin (Mc:eanm, M),

&0 S"mr' 2f "W94

. A soil soetrlon is de y 011n19 Kual ms 1 of SoMi vw ltstlllen
vecr. Th" hye ron ion 4canrvnratien tI deutraumd V usiln A gloss
indicating sleemm paited virt a calil rifmn•was ele|•..n . r'he cmina-
tioun eet1 rade Is attanad o.0 a p•NRter and the unit is callbeeteoith
Iufltomize buffer solutions prior 0o use. Po of we soil solution Is
maeAsup ft. %ti nearest, 0.1 0 unit.

Soil pm mesvruman.. can be Inflhunca4 y a 'amer of factrt,
dena tg vpon Sail type #ad ilnivcual ftrctristlCa. The use of a
stumIm pOrm.col that fts Doen usto on am. different soil ypos, sUi as te
Suna4i• Nth" desc.-ibed tiers, uioatftud nntotrfensces.

ion ainliyar/pm motor.
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F 4, £ler~as. ~.:o=1i'ation glass f.-10Cating Anz ealcnmeI
reftrsgtce *iecroa. for sonsirls hydrogas ion aclvity.

* 4 .3 3a1ARCS. A too-leading digizal display balan~ce ac~urato :o
* 0.01 for Weighing soil.

F 4.4 Staker. A beaker of apDroxidatoly 30 ml cagacity.

Sirri.n~a arvts. A megnstic s-.ir plate withi stir tar for
tho =matant xi A ng of Soal and water wni Is Utoaii ni ng pOH.

45 Imom. A pioat.. of 10.0 ml capaCI~y.

I ~tiuor orntawtr Reavirod to form atolws

3* SA"IsA.. buf for. Comrtta1Y tatndarm1zed buffer of p11 4.0
* * 1" 1.0. for ttaaaarditget the 1x ater 4nd sloct'@ft.

6.A a1brtte1on

Prior to dota,.ting soil 01, the ON4 fter 4USet Ue staftardited.
Using tue pN %.0 Stanidard bauffer In a sioll better, Idjust the d'ItAI display

t. ~t r. eed 7.0 by t~ifntn the Calibration knob and WR1le Constantly sIrH.img VNO
beamor. Returni the fun~om knob t3 standby. rem"v the olemtf¶sdfrom the ON4
7.0 bufftsr, wash the o1eCrfodo with distilled wator. and subftrgm the tiloc-

V trade In coftstantly swirled aN14 .0 standard buffer. It the inter does not
road p14 4.0, use Cho toMraure~ C31ensa1tor 006ob. tolociee a reading 3f pON
4.0, wash the slectrods as before. and standrdi:* again w1ith 01 7.0 buffer.
Acoet the mit~arditnlton Procedure until the -.ao readings art c~nslizaht.

* 89
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Weign 10.0 g of air-dry sievwe soil (4assing a 2.00 = screm) into

a small beaker. Add 10.0 ml of Is:tilled water, mix thorouply wi9 j glass

rod, a.&n a11ow :Ie slurry to stand undiSturbed for 10 mintmas. Stir the $ti

susmension again an immeldately submrge :ie l *eecr:odoe Vmile =oninuing to

Swirl tflt beaker. Turn the fwltn on knoo ?rP stannby to 9M and mhad thoe O
to :he nearest 0.1 pH unit. Ra.urn :tle swtti= to s.anaby. remove .fe
elocruCa. and rinse it "horugly with alts;111ed water.

3.0 Calculations

No Calculations art mvUtid.

mctee', E.O. 19850. Recom nede annd Ila vpliretnat u•e , oo. c .S4. lt
aSCORMnW ChO ntI Soil ?711t ProdM(al fQ`P the North Cfntral Region, oRl-.h

Central Regionul Publication No. 221 (Rdeisedn. NorO• 0aotsa Agrtu sl
t oxalmm: Smlon. Moron "mka State University. Fargo, Norch Ukazoa.

Ageovod by:

A , eaw•r• .. •
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OFT NTnI~fOf OF £UCflI1ca. =c230C7!fl Z SOILS

a en

This mtnoo is 404r.04 to :enti~to n" *iecr.ICAl wft~uicvirt in
agib-iqtar slum', in Ifleltlon # 1'h 490 t 'Al.sat cnntant of v" 5011.

The cnot dmtscr~b4w o 41@i It apIIdol to awn sails,. iaC14Ing Utie in nt;
MerJ Crftral3 #$4114fT (Alatkik, :Hsaioiits#~ p,~ tass micRIRA.
Ninnn*ztc. Klgwm Nrt ¾ tan* Nrj-ý C'cer blha, Pssnsluule 14uth Oakofl,

5rwiiiIS4 I a. ) flrcflun mv skfltag from ":4 sot I F."ti mg orecAbrm used

4the354 t ct4m a tt$ n~a tiaatot ~yi aoAratma-- itatA Ohio Agricultural
k a m 4tO nmCter (VrAtoa, 1378).

A utkl-wtrer stIg (14:1 soilnsaler ptio) It porinar, allau to

eqillbnte. flltore adt ptnttfl Int a calIbntS4 conbacivifly call
t~h~ ot caiwCOU vi-ty sutr. Th. 0ntor unalay Is in cMctasce n i

a.1t1i pli Y the Cel)CM a U tO W PinMc'teaci let I IC~s W?

A cua-ttaw cflav~tnQ fnteptg P"uulp t very clogs czevfjct1iwit
cell. This can wo accapltsnod betnin rnalnp ty v.Wrouf 'n1"nq WtVt
etsttl I or nor."tsuo water. Ninlfl1cally. t"e cell should fr.4vVftit wtt3 S

coaceftolta d HCI, Am SQ Wt dtniIn wl*ter. tar utor"p bemte uas", Lie
co.aAlwy CalI uow t be too" I b w*te.

&.I- Csieur~ceflter* A IMP Cuality dtglW.4 ulsalay coanciCafe0
motor, e.g.. a ?Us 14oel I.
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4.2 Canductivit, .l1. A €onauctiviy call cwMatiolt with :he
C.n"uc..vity mater and havlng a known cla c:nstant, Suc as a YSI 3401

Platinized platinum - iridium *leac,-gda with a cell constant of K- 1.0/=.

j.3 3mlpnce. A top-loading digital display balance accurate to
0.CI g. ?or wegnting soil.

4 .. 3eakar. A 150 ml :eikar ?or preparing Vis soil-44tar slurry-.

4.$ F.znngf' and F•lter .ioer. A glass or plast.ic funnel and filt•r

&ooer-,or fl1t:ari nq -Stfitb 1-*ter so luti on.

-%., Pipltta. P•i2tt. or s&l! graduated- cylinder, Ifor ing 4 .0 31

W4ter to 20g soil.

1,7_ Stir '-zs. GI &Ss Sti r rod, f cr- W.iXing tnaol si-water slfurry.

•U 0ist1ll•, Or 3arS'.Icad water.q quipgd t.0 form Soill.&ter

slurry.

.3Ca4librition

T~he YS1 3401 CcvnuCV~iv.y 0.1 his a cell c"Insuan¶ of I.0/ca. !f the
- , €Call i1 placi0 in I Slo-.lon0 in an upPi9it Wrnfr, no COrPCIGRlo f VIS :11ll

Conlsta.n it rmutred. If, h•oer, the cal is Inverted and tle tasting
solui1on Is plpetoad into the Call, a c Crv.lon feetor needs to be

Cal elt.qd. To dtait'vn the cora.cte call monstant, lumrso th call In
Poo" twmersturm tapi water, record thio conductence% and oaltiply by th" call
cafttrrt (1.0/IC). R*aWv the Call from the ata w4ate, r1ise ,-th distilled
vaotr, Invert the call, and $*Il :*ie vent nol In tVe tall 2y vra" Ing it .

S2rafilm. Fill :te -tell with the tar tap water used previously. record the
c~nductance. and Ialtiply by LU/CA to pte :ajclVlY. Subtret t.44 tw9
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ConduClvtity deteMinaMtions, Ind divide the answer oy the secona conducti vity

aatgred nation. This fenal answer is t.he pereant variation of tie :e1l

constant and when adoed to 1.0/cm is :'e corrtced call cons:ant. All suose-

quent conductance elasuralmnfts art to be multiplied oy the corrected cai

r ~conlstant to dgeformne the conductilvi ty.

7.0 Pr•cedure

Wteign 20.0 grams of air-dry, Z.T mean sieved soil 1ih':o a 10 •al

. - beater. Add 40.0 ml 4Istilled or sarnstard water, slr.taraugnhly witl a

glass rd, an•2 ailo the contents to stand undisturbed for 30 ••nutes.

Pr, are a funnel and filter paper (eWg., I•thatn 1). Pour trhe $u~ernatanz

th-rgh t•le fiater funnel, being caeful not to disturb the settled soil in

the bottom of the beaker. After the filter has dreinod, fill a calibrated
cO#4uCtivi1y cell Wi" e fi0rttP (Or ImNVSe 0 tl uprigth cell in the

ftltnute if the volum of fit1-trata is graet enogh• to subarte the call), turn
r the knob on the conductivity ffter to th conductance modes. adust the range

WS =• Mil A digital display Is ottlined, and MreCo the conuctance,

Wlatiply the cznducanefl 0Y A#ep popr•apate -all cans•ant to obtain
Sconduact ItVty tIi W1111. or a2crowds.

WeUt,"n, N... 1974. Soil Testing Procoeires, Researth Extension Analytical
Laorstory. Ohio AgricultPjral Researci and Oevelopant Canter, Woostar, Ohio
20 pp.

t9.

I.
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AOkcaved Zy:

401on,• M-• ROM:•tat/

~ A. Mayo
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' ANOAAO 3P.•ATING PROC:-UR£ -:R
XLzRIMIATIMX OF SOtIL SURaFACE AREA

1.0 Scoot

,his mathd 4determines the s;ee.ifc surfaca aru if' sofis :2sad on
tne *dsoro1ton by soil pare:lcles of a minolayer of oviyltne glycl r=naeo.vi
etohr (ME•4). Adsourpon is based on an euilibrmtlon of £EWE and sail
par~icles follow" by vaacua dasicz:aion of unsor-d .. Previous s:udits

* • in U-o Sail Scienca :inIany have SMM -Vtat i 3 , .OmV Is ISWalkaol :e
videly different soil types (Cat'.r at. &1., 1985; liTman, e•t. &I., IJSdi;
t Cth a�:am PBreme, 1979).

LO SumrY gf Mat.4od

"Airmioled Slaved sail is ixled wlthi . rga t*: EGI ind
equilf•brtod for I hour. The us le is 0Lit vC€uP MIsCCtd•d to 0ZASEnt
,elpt over doicum. Surfica arte is cc•I.lt1cad ýy dividing vtie gram of
"adsoartte retained par " of sail *y MUQ0M• 21m, wI.ica is -he Weiln of
t"( ,swuIrMW to ftre a aolayr over 12 surface &aa.

Themr are no afoergicus ,escrmbed in ti•e 1It.ra:ure using ..iiS
;orocadu're.

, 11 B _.a . An .Isec:nMr c (digital etad- out) Ualancs ac,.arto to
0.01 1 for vWtGI ng 10o0 1stes Prior 1 o tUle aedttnR Of ME, &Aid & UleCo

Saccuat.e to 0.001 g for yelging cesiccated soils.

2. 44 We1 if.Ie : OfIS. Shallcv • i;.I , We19011s 24fts 'or
-ouillbrsting soil Wed EM.
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.30esiccAto. A vacuum desiccator ;lus de•.ccint and vacuum pum
for drying soils.

4.4 .o1•.i as. Glass or plastic pipettes =34a010e of delivering 3 Ml

of £Si.

4.5 Sail sieve. A sOil sieve with a mash opening of 2.00 = for

sieving air-dry soil.

5.0 Reeaents

5.1 thyvlee gIveol monoeot!2 echer (2".thosvothanol). Reagent

sea"e Mn for sorbing to soal surfaces; Appr-aintcly 3.0 ai per soil saiMl.

*5.-2 Calcium sulfate. Several hundred grame of Ca504 (drirffte) as

J* a doleccmant for d1rying sail quSambrpsl 0 el.

The calibration proceftm involvoo In this method trnludei those
associated with balances. These amr por'ormed on a periodic baits by zne IM
intIstrwnt laboratory.

Al P-4dry %hei oi . St #V6 the • r-dri ed Wo I to pas A 1.00 so "os
SeP9W, Obtain turt weights Of triplicate labelled ilumianm weloing pans

that were Olaced ovenlovt In a d1siccator containing CaSO& esicc&ant.
Ve•tts should be owaiemd to t.he nOrus 0.001 g. To each of the tared

triplicate W1gMrtrg panS Add 1I. g Of Air..dfy Staved S0.l, using the
C:.O 014•tn l14~rPonc balance (Accurate to 0.01g). Place the uens of soil

intO a d11iceItor containing C404. evacuate the deSiccator for 45 minutes

With I vacwi 2Ou aMnd lhut off vte vacuun lift" to meiltn the vaci1wa in :he

disiczator. After at least 1 hour, wei tit* pans of soil. ovadJiatl :le
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desiccator again for 45 Minmtes, and welgn again at least I lour later.

Continue this procedure until a constant weight is oobaineo (to neares:

0.001 g).
After constant welgnt has been ootained, add 3,0 ml of rteaen: ;rrce

tW to eari pan of sail to form a slurry. After I hour of quillbration of

"the slurry, place the pans of soil in t.e deslczator and evacuate for

45 minutes. After maintaining the vacuum for an additional hour, obtain

¶ weights (to the nearest 0.001 g) for each pan, place the pans back Into :no
desiccator, evacuate for 4£5 mintes, and allow the pans to sit ov*Yrn :t uinaer

vacuum desiccation. Weih the pans again, evac4at the desiccator for

45 minutes, and roweigh one hour later. Continue this procedure until 4

constant wei•at is oauln" aecord all weignts inI' in the laooratory

f ~record book.

L.O Calculations

For ropa pan. calculate the total surface area (TSA) by diviting the

Criea of (CE adsorbed per gran of soil by 0.00026•g/mZ, the Oyal.enarlsck

Sailue for tbe weight of EGW( requirid to form a mrnoleyer on a surface Area of

I lis2. hat is,

%*are: a a weight of dasiccatoi soil, EW, and pan;
b a Wuleit of iccate oial soil A¢d n;
£ 0 tane weightt Of pn

Carter, D.L, A.D. Neilmsn, and C.L. Gonzilel. 1965. Etnylene glycol naoet-MyI
oether, foa determining surface area of silicate mlnerals. Sol. Scl.
100:356-360.

etlman, M.O., 0.4'. horer, and C.L. Gonzalae.. 1966. The ethylene ;Igycol
Monoetwyl #tner (-90d) te.,ntiue for ±ceteraning soil-iueace &rat. 4ot SCII.

1.

I
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C. "iae, L.a., and J.M. 3r~nmer. 1979. A slaulifiae *tnylene glycal vonoetnyl
wenr p-3ciaurt for asuse nt of soil surface area. Soil Sci. Soc. Aa. J.

A~wrovtd Or:
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PMRTICLT $4* ,UIiYSZS OF SOIL..S

- : 1.0 Scoue

This mm•o cuscribe- a standar4d way ua dnargtne vit ;wrIcle slze
di.11hation in sails* It Is adapted from an ASN procmOu (ASTM, U72;
AMlI, 197) and is widely 4poligole to sails.

1.- MMf . o Mt'n

AIP.4If 0 tall is Analyzed for pa.rtfle &I:-. distribution Uasea on
slolng (for those , r:ictg larger uan Is us) or by a sedimeination pruus
(thme "rclues pausing =e 75 a sien$ es . A 1woyaf.r Is aued In t..•

* 34.0 Ii.a•eerewus

r

* .-. - 4 • , lelan. A balancat ituft•lv to 0.01 ; far vwltpig tne
m m aIil g"alss iN 75 its $I m sad f@or' fitntog me taim4ai retat iend on

"4,3 N@l pr an~ *�l _le. A csr&iM of.Ar and pttle for bmtexiIng up
larger ail c1lums.

£3 y~pw~r. An ASTNh ydraimator. ;racsCata to rted fa ettJngr
Ssfeclfi c gqrvity of %Me sASOgean or rP-s ;r litar of susconsion.

&. V*0Lftrn e Cylvictter. A glass IW00 at graduated cyllsmar.
, for Derfomeng sedmeation analyses.
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4.3 Themgter. A .. rmomeer ,curate :o 'OF .

4.6 Soil, Simws. A seOMS of Simrs, of s3uar*-Its Roven-,rif

C1 t. is folls:

'10. 4.75 m
No. 10 LO0
M. a &SO u,

No40 425 40
No.8s 20 ;5o

P4. 140 10A

Ita.er. A be4ker of 250 W1 cOA~ct~y.

f ! 4.& i1tmine Oevice. A watc- orci a1o wit a $*•C0d hland.

4Sg t!C.trlc stif,'tt. Al•prat. A htip-1.e4 e616c:tC titlnrig

device, such as " a ut llke "0 tlr'ie.

SS5.0 fteesnpts

SLL t2ueii2ati Amcý,,, A solutio• of 1EOuas IfetaftaOsKe,

L t~~rsfly Orawr tv Etusolinlg 40 g of wio4va immaitlam"Moset Or 1.0 liter
of Sr'mua4 uaie'.

T•e IId74?ter Mold to aillb-ti In dislttilled wateP and In a
&SolutitO conCMwIng d i@dtvA h*exA1*aoPfa~ te. Sr'ieig M 'o00 .1 91i3e grieucted

|lliWfr to VlOm vtAOW IaMi.ad Vatdr. To Peh W0O0 ml | gl1ss grItuted

CYttader Add 12-5 1 of A tolutitO of o0414*0 ftt• Pfos;nhte (40 2I/') ,ud
Or•l to voum vtht Slarfts-tol wgatr. •lth Czmanl t siting. After assurlug

Met the qltndara of liquid APO at POW tM ratuPe (0.;. 2M). add the
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hydroetaer t the cylincer containing water and record tne value as rtao at

the *oa of tSie mawIn s. Ideally this Should Ze 0. Next, out vis .mydr=eter

in no :Ylitndr Containing te sodiuM hfexaaM nosPnata solution anr PMCoN

the Feading at noe top of th.* aniscis. The differtnce between vie reings

is called the composite correcioa fuacor and is to Oe us"d in the caslla-

:tIons (Sec:ion 8.0).

7.0 Procatdur-

Spread te soil szole in an exhaiust hood so tiat it will air-drj.

Man the sail is airtdry und can be ground in a Wrt.At and p 4 s:la, sli the

sale thoroughly to assure unifority, gently grind th• soil in %he =rar

and gestle unwtl soil particles are broken up (do Ot rg-t soil and gravel

uarticles to afine 0i00er), adM mdx the sante again. Wu4gn triplicate

portions5 (about 5.0 g), oves4ry them (1054C for 34 hourn) and ro-ostig "Ue.
to desermae iWistuft Conteet. tu114 siev" No. 4 and 10, separate the soil

sall inao three frac.toiM: greater thtan 4.7S = dtainme r, less than 4.75 a

"*but tr tw OU 2 z.00 M diametr, and less than 2.00 M dllater. Wecord the

* v1t0nt of all sitz•efractiO A* results coastitute the ior•ion greater

%o .u.O0 em diuaeter.

The pario" passing M .0Wst is080 Ptlfae um .
Add 50 g of the lhs8 than L.00 am ai0 Pdy Soi (or am canj•rsly. 10il of

know mo isture cotent), "o a Z35 $I fetor. Cover the soil vith 125 Wl of
sotuts ieuimntwowoate solution (40 g/l) and stir until the toil is

ther.ouIly vet.. Allow the ditvre %a Sit at rea :emarsturo for at teas 1.6

At tfe OW of We soaking period, disperse te soil lo ui.41r by

"Sti t ang for a 1mwto itUR a Rhig speed elecaric ltit shiaie us•l"r.*

tammegtely tranfer the toil-wlter slurry to A glass 1000 oi graduate

Clfnder avid bring %o volume with arefttid water. COVIP ZN cyindter *4t-W

prenflle (2 layers) O Wveatedly Infet and u-rl~ht Vti Cylinder for I

"RUite. Ouring thts 0111n8, mt ue all soil Is being disDersec and that
neo settles in the cqliot r. After the I mnute period. Olace• ho cvtIner

am a level, stum surfaco at raw tiersture. act d the time of 4aY Am
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after 2, 5 , 15, •O, ~ 250, and 144 Minutes. vse an ASThaN-aooved hyoroioter

0.3 obtain a setmfnultion reading. Aparonzutely 20 :o 25 seco.no beforo a

reading is Come, carefully insert the Jy*rftar into 04e Winlder. qeid :*t1

hyda4rmtafr at 1.4 too of Vte manscis forud by Moe sisoenftin ar•und 0he sUM

of thi Iydr•Iiuter and limdiately rPiMv the hYdraiitIr *fA Me cyinIer.

After me final Iy•yrIItar reading Is taa, i.e. at 1440 mi2es,

pour t•e Suspension MCo 4 75 4S sieve (,No. 200), wash 0i0 siev with water
umnil the saun warar is clear, transfer the aar, lal ta a siitenle container

sud a a beaker, and dry in in oven %. 105.C avern1•It. Aft tle oven-

drying is comIletea, frec:1inate vae dried aiterial @41 tri folloofig sieveS:

Ia. 20, 40, do, 14-0, and t•"e bot: Pan, "eightng :ne po4ion mUiwd by

each.8. a- i 1luI o-n

The ItSite COMAst Of tht oPIgIna 0s1ol ia14p Is c•8ll ted as

lollees:

(air.u.rw Wvei . of Rail * tan) - (ovmwdci "ism of soil , Real

(ovea"""I wegmt of Sols 1* amn (*$ plit of~ MY pan)

h"Itl3 "a " tortsted as oftueag vistiaro by "AltiplyIog 47 100.
Calc•iato the ponlon VetterP tumI 4i.75 m (A), oomlb WS? w and

2.00 m(), 1)" a Im tuan L.OD m (C). a foilelu

. The pemrwUo (P) of i•o0 rtiniinl In sImseontm at Ot level at

Sifdi o th~ydrometer ~asia L.j dsiU~ty of te "Movalois Icalculated &S
followit
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Whorl.,

t W ydriNtr reading einus tit c=cosi:. cor-ev.tion,

a 4 a & rCOM n factor for *.It*e 00? of ydretmer used, anto in
it cases equals 1.00 for a specific gravi y of 2.6• for $oil,

1W - own-dl Ms 10 soil t11sefc a fisn the ttydtolteer test

The di eUter MD) of t.e particles :SMnsDonOWng t0 tat ;OPe m.49 inciatCa 3y

ai V0 w AMr~e reS&tig it calcila'tac 4 fol;@it:

O1aK

I a COMMastan that Is pdeente aon "Iftuen r 4tnt SPecifiC
awlity. At 22* ano W.S specific gravtty, the value of X is
- 1.fL• O't, values w o obtatnec fr'e Ta|le 3 of- AM..,

1. * tutalce frqs the surface of vte SU4sclb"on to the level at
%0101 tMe aesity of waI uaasp•nuton is 1inuu b, In ca., tis

glwl Is Moimn " the effoct:iv 0Cl aO w requires Lot$ use of

to ttrvel of -.I& *M br e gtaaln$ of sedMMtmnat.t tetun0

-" r I 9 c tv wvt*4 fr p mnlcne-Ol analyfts Of • Oait. AMfl(

&STh, 1175. it~t wtftod for dry pfAinfl of• of$0 st"bs for
nelclnl ae)lIt alytit a*d fttetwmIi ttOfl of soil c-nstants. Ath -M,
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"=M/40 ~ Ie~ iKeprentat:ye

V..

V
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• IAnnex 1F

July 17, 1384

StZANDARD OPRA'ItNG PROC-A.URS "UR
D~!UMIUIATION OF $OIL CAM4

iX=ANGE CPAM 71

S 1.0 Scseo

this umtod is designed :Z d:gr'.Rlne IN1 Caton exchange .aoa CIy In

$all$, wnich indictas ti•e caoaci•y of soils to bind iaortan: plant
-- lfmntnris. It Is bas" n the dibolacammmn from ex•-'gme sitas of nut:ritef

Cations such as Ca, X, and 14g, with an extrsicng cation. The extracting

cation is then displcacd and anilyZad in tie leachfate. AltilaucH Several
different cationS an Wbe mpla.od to disolacro t.e soil cations, tCe Cation of

choice should e low in the sail to prevent low CEZ detarelnations. Therm-
fore, atiue is used co widely and is �mloyed in tlhs procadur.

2. 0 &*a of Mnw~tu

-A moiuma 4CiMS is Ammd to a knomn quantity of soil to born
displace the bound Cation and to saturate the escaaage sites. An etilanol

3l1tioa is sed :o weas Ut soil, foll•ecd by the dis;lacMnt of IN4*
F" IOnS by W1, The disOlacad Ni 4" Ions IMr m4aly4ed using On tMRuan

L Iqeo1 16ficic elec~rof. and 'LMe emcmtrstion of imnnivm Ions In te Inte itlate

Is perortonl Uo the K" Ions bound to Che soil ad tm us to tri• CC.
p...,;oZ .. ,

To provide acawrse aC detetnatlon the dislacing ion mosuld not

L bef PuWtn in h1ig h cwverattoiu In .l 90solo. In additioni, Mfnovlen, long

iame proven to lgie less variable fa'ullts Va dtV4I0l displacing cat1ons.

as c31clua or mgnstuiu

4.0 Aoofr.tV4.

441 8ilnce. A too.loadifg digital display elect-onmc 341aance. or

o11il" a "ilam& or 4u4l A1ccrmT, for Vet;"ing Soils : *-I eare: R.ea m.

10
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S• $fLLaxen!r. A s'akei S aoaolk of hiolding a 12.1 nz otlemyeq, flask,0 :0 m•vie Casuint Shakl ng for I hour.

* 4.3 F *Iter eM"1Sk and L'jn0.1. A ,50 MI filter flask with a Buchnerfunnel, for waslhing ,10Sall :a"le,

4.4 U12ctr Pvvor. wihiam numbe 14 filter paler (or stallar
Paper) thI; fits the Buumar funnel, for washing thle soil.

4.5 Volumetrie Flaskt. A 100 al olumintric flask, for dju:ting tio
volum the d,• a , ce NX4 ' solution, and 1.0 1 and 500 =I voumt,"iC flaUSk
for p arqi'lng rt"pns.

4Ay 0,1i a*iu
Ionspeciffic electrode am digital display O-N1/Wlvol.o. at•p such as an Orion

L,

Ll AgM~ace~tat One noise solutions modds V dissol ving77.1 g 4monlus scouts In & I-oul of 1,0 litir of Sarnstd '#ater in a
IuWcrtfc fl•sk. A4,Utt to :0 7.0ouling glacial acetic acid and a! I?.lI411tanarIsso pN qtar1i.

r LI £ aastial.AlChol. Ms .0 M 1 dea"SUMd e0.0ol w4t* 40 01

,.. PS Sil. Chlorla.. A 55 solution, preard ,y dissolv'ing
50.0 XC1 Ina toa l of 1.0 I Sarnft •d water.

Calibfrsio for this '•Irew.rI InCludIt thie prP•ArStion of a.Standad CU'"e for thq emolium icO.l-pcific leCroda. ao Mrepare the

106



E" 0-13-1
July 17, 1984

t3fndard Curve, first prmare standard solutions czntaning .. 10, 100, ano

1000 ppm NH4Cl from tie 0.1 M NHXCl Orion standard. Add 93.5 li of :ne

Orion standard :o a 500 a) volumtric ,flask and bring to volume with aarnstead

"water, to give a 1000 ppa H4 standard. Add 50.0 := of the 1000 ppm

standard to a 500 al volumatric flask and bring to volum with Barns:asi

water, to give a 100 ppm standard solution. Add 50O0 ml of :he 100 pPM

st4adad to a 500 ml volusetric flask and oring :3 volume, giving a *.0 ;po

standard. Prepare the 1.0 pp. Standard by adding 50.0 at of V-e 10 PPm

"standard to a 500 ml volumtric flask and bringing to voluam.

Before detamidning the standard curve, check the electrode slope as

fol is. Mix 100 al Sarnstead water and 1.0 Ml of 10 M NaOH solution (Orion

standard) In a 130 ml beaker. Turn the function switch on the model 501A

S r pH/0Y moter to relative millivolt, place the electrode in the beaker, and stir

the beaker constantly with A umgnetic stir bar. Now pipet 1.0 ri of 1000 ppm

st ndrd into Usle heeer and adjust chle reading to 000.0 with the calibration

Sknolb. Nee, add 10.0 ol of 1000 ppm Standard into the beaker. Coprect

.iectrde• operation is indicated by a reading of -57 (t_3) mY.

To prwiet the s"adard curve, add approzxmately 7 ml of I ppm

"stamdardto• a 10 m! beaker, add # sail magetic, Stirring bar, and stir the
L solution cowtnzly.1. Plac- the electrod4 -in the solution, being careful noft

to trap bubble$ wvjr the elearoet. Add 0.1 at (100 1) of 10 M N&CH to the

baiter, set t•ie functior switch to rol my, and record tle Isiolay. Return tne

function Switch to StWj-6Y% rIN.e the 21eCtrode, rins* tiiomyn~ly withl
Sarnittad water, ano repeat the above procedures for the rem ntning stanelrd

f solution. PIA the millivolt reldng on the ordinate (linear axis) against

.umcncentration on tl A•lsa (log 1 istw) on SemlO rithadc pacer.

Te SnaM1 arVe VOhld be r-l,1brP:ea e#Vey Wo MUiM during ',.e
a lyi,, a.

7.0 Proedueeeu

Add 5.0 air-dried, sleved (42.00 me) soil to a 125 ml Irlenetayr

flask. Add 1S ml of LM AMMonuM acetate Ind shae V10e miXtUeP ftr ' hour at

om tam-ersture. Using ldilt=Ae 44 filter paper, repeatedly Wis.n .t.4 oi I
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under vacjuv fIltration in 3uchfner ,unnel with poptions of industrial

ethanol solution. use at least 0I ml of the ethanol solution and reject: all

washings. Leac tihe soil with smll (20-30 i1) portions of SI XCI until a

Motal of 100 *1 (In a volumtric flask) has Ween Colleed. Determine the

N +I.Hm c2nCannra:ion in the leacnate using the amnium ion-2peofic

elec:mae as described earlier for othe preparation of tne standard cure.

8.0 Calcula tions

CIC should be epressed as illfequivelents per 100 g of dry soil.

The conversion from ppm ( g9/I) NHI4N U deteinedKd With the &fltum

electrooe to C=C is U fallous:

SC(in/1.00 g) •~ 1

Wifi

A - PPm N"4t•- frau the sUlndMAd cuwr, anM

-* misture conelta of thie soil, remsted as a deciaI fractionfi. Imfher tun Percent.

f The O*Mvetion for this formula is as follous;

UCE (expressed In q/g 4dr soil)

NOgWn| NNAO.N)(100 aI leachAte)(I q/1000 uq)

(1 ale"" r .. ol)(10.ismare Cu•eng)(1l ;g/;Q)

Alle". S. i., N. 4. -eM•tiha, J. A. Partinsea, and C. Q•usr. 1974.
Chemical Analysis of Ecological laterials. Wilty And Son, has York. S65 ;0.
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iA. sIaTer
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Annex 1G

-w-M0 FM OMRMIM r!NNrONF TaUA1 SCOV~IT-MCXTA
cONrET OF MILS Ma SO :MTS

1.1 This etrAd cover the 4Xe• taito ann quntifica:ion of

the total solvent-e.tractmnle Coent of sails ia sedimnts a
comncenations above 10 u9/9.

1.2 The m.novd Is suitaole for the u•c:tion ou mos: ;henols,
nilines, md nue"al sevtvoiatilo organic Co•ocunds.

1.3 Low boiling organic "gomns i', los: by Ovyoawation and
ae not included in %he total solvent-eW:-uc.Able cotent.

S2. Suar'y of %tmw
2.1 Them vat or dy soil or swtmn• s ites Mlxad with iuious

sodius chloride/potassiuu dih~y&r n o how u4t ed eullilibir'@d
with @ethyl t•w.-bo:yl ether (KITu). The TU er'aclt is dried

ad an nawne . The c•unntratad ewt.o is filtred ta imnvv
any particulatemhterial. The solvent Is eyaw~ated from a
portion d tht Wo WSZ4d u.rac. An the rMsid"t Wight its

S. ¢dataeinehd.

3.1 Relaoively lwg -- ts of evwatable cooomUt boiling
below ZOOC *1l1 ake It difficult to obtain rwOPUMible residuae

- ~weights. Ralativety Up", axut of ewmcaubte hilgh folecula?
weight polymerc material. y intsarfr with the filtration of uso
cosicatratad utrwc.

4. EAIM=
4.1 Seara~v Punwel - f AU4 vt Teflon staco~ck.

44 KuderamiOanilf Aguarguim - 23-w. coqwitittw tuoe fittd with
a sicroi-S~ lum.
£3 uI~ftvtugun aprualmataly 2-o diamter alunml m fIl.

4.4 S-wlle 2.-L g9a.50g9t vwith TWlflOn LU LOO.

L..110



4.:1 Filter AssafmIV 2- M dS4uis~osaole. With M4illicare is e.~1 0.5 an MFT!E mmorane fi ltar.
4.6 Sailing Chips - aproxtimately 10-M0 mesh cartorundum.f[ • 4.7 Water 14th - heated, caDale of tinoerature =ntrol of : .

The bath should te used in a hood.

4.8 Ml•imbalancM - cavabtI of accura:ely weighing to - 0.001 mg.

4.9 Rla•ry ixer - Capale of rotating a 5-C Sample battle
S•e-Over-end at approximatey 30 r-.

*. I.*

5.1 •.alt Solution - Dissolve 3W g of ,Ci and 20 g of

'0 4 ia 80 g. of water and dilute to one liter wtth

5.2 fthyl tert-8utyl Ether (_Y•S) -- Oisilled.in.glass grie.

p. - I5.4 Corn il Stanard. hight level .- Dissolve 500 *1 of eva oil
,.to . of at NMl and dilute Uo 100 U. with "TME.

5.4 Cam qOf Itanfatrd3 low level ,- Dlute 10 M. of the high level

Icam ot Iil standard to lO a.With WEE.
"* 5... •| QulIty ASsurance

4.1 is~-Det""ln the residue weights j 7.6) of triplicate
* i * 100 i4. ei149t4S of 94E. An avqage value of 0.0 t 10 ug thould

I ;'be Obtained.
6.2 o Oil Sýanders -I 0eter3nine the rsmidue weights (7.6) of

Vtriplica lo0 -ftL aloqots of the low level camri oil standard and

the high level cara oil standard. Average values of 50 : 10 uq

and 50 : 25 ag ShOuld be obtained for tfe low level and high
leel standers, respectively.

7.1 ExitraCiOn - Add 30 M. of 301 NaCI/2% KNI2P04

and 30 w. of NE to 30 g of soil in a 6-ot wide--.mao mottle

having a Teflon-lined s54w cap. Trugle the bottle ana over end

L
"L.
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for 16 hours. weigh :me bt:le before and after the utumlfng
,triod %G deteminen any de.tease in gross woighi .7O5 loss of

solvent. If the gross weignt has decreased by are than 0.5 g,
the am*f I nst be discarded.

#.2 PUaSe Smoarstion - Let the smple stand to a1low the Phaues
to Separate. 0ucan: the M4TBE and water layers into a 100-.O

secaratory funnel and allow the phaues to starslt for 10
,inutes. Withoraw the aqt.ueus layer and discard.

7.3 2 - Transfer the 1T extract to a 2-oz narrow-muth

bottle having a Teflonolined scrw cap. Add 2 g of anhyarous
*- magnesium sulfate, shake the sample vigorously for one aimite,

and allow the samole to stand for at least 5 minutes.
SI7.4 Canctntrat:ion - Transfer 2S @L of she clear extrct to
L. a WudOrn-Cantish oaratr s, dd two boiling chips, and
r* concentrate tA, extirat to 0.S-0.8 @L in a water bath at i0-10C.
I ý 7.5 Filtration - Transfer te. co•coratd extract to the barrul

of a 2-f. syringe fitted with a 41llivort tillez-S 0.5 aM FY71
asera e filter. Insert the plunger of the syringe and avpres

the filtrate Into a 1-0. volumetric flak. Rinse the K40 ube
with 0.2 s. of M1, tiransfer the rinse n the syringe and filter

the rinse Into 04 volumatric flask. Dilute to volum by th
addition of NMI Od mis thoroughly.

7.6 Qerlqnatrlan of Rtesidue Ae t- Transfer 10 u. of the
eStract to an aluminum weighin dish that has been taSrd on a
miecl balwcu; plan the dish under a beat low at a distance of
3" I ca fro tlm for onea inute to allow the solvent to
evaporate; transfer t.e dish to the wicrobalnce; allow the dish
to eeiatlibrate for oae mnute; and, weigh to detemine the
"resifte weight.
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separate 125 .X1 Elenuer flasxs t•nat ave OW acid wasned. 'andle •no
.sncards exac•y as described below in Sec:ton 7.0, Prlcodzrts.

7.0 Procedures

d41Ign 1.0; Of ai F-dry, 2 - mn si ovet Soil Ini to a 125 .13
Irl.etmyr flasit. Depending an the Organic ma•'.r content, ,'10 aunt of Soil

may have to be ptue~d. For soil ispected t.o Contain greater noan lGt
arsenic X e, but which are not t•.-My organic soils, use a 0.5 j samle.
"For an organic sail, ase a 0.1 g qoPion. to each flask (standar-s and sam-
plet), add 10 41 of 2H K2Cr0 and Mi rl to nix. Then add 20 l coancan-
a. med H2SQ4 and swirl t3 x well. Leve Sao flask undisturbed for 60

Stmu. Next, int tlesbt loqmnica a thea cid WAS addd, a1d toeach flask
L.. • 100 al of 0,51 MSa2 soletlp. Leave the flasks uodisturlld Overnight. Set

thin spcahooe to OU we the slit width to 2.0 nim. the lawp r*itces
to visible, and the mde to absorbanco. Turn~ on the soeo... nctmnator, allow,
SuffiClgs tim for weIap (oprxilottuly 2 hourl), and detaret'no the abs0or-
amn of each solution at 61I eN, including 411 standards, blanks, and gaml*$.

V 1Ploct e standard Curv awn V rupa1Or via linear regression aI

orgtWAnic m19Oto wrIMS. a4WOrUAnCa At$1 AL . the 03PAMso O fn
r. theI ga~lu, • tie carruoading ierpa n o, amnic mtte.r an be d•toret•nd ?r=

Sth.. st ard Curve.

e ' 9.0 lReform

Ssail organic manor ton:. o 23-11. tn:
-SProcadrt for the North Cantral Region, Morth( ~Cwsual Regional Publhication NIo. 221. (Revised). North 3)akata e*@rtral Agricul-
tural (speriamt Station, .1oram Damage State Uni~versity, Fan@, Nort.'i Damota.

* Ijooseft, N.I. 1918, Sail testing peocecures. Researim Etesiuvson Analytical
Laboratory. Ohio Agricultual¶ Reeerc and Oeveloounu Canoer, woosoter, Ohio
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BATTELLE FINAL REPORT ON

PHYSICAL-CHEMICAL CHARACTERI ZATION

OF UNCONTAMINATED SOILS FROM

JI, EGLIN, AND NCBC
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Final Report

on

Physical-Chemi cal Characterization
of Soils

F

to

' IT Envlrosclence

Lt"

V ZIm MOUCTION

IT Enviroscionce (IT) subitted throe soil samples to Btt4lle's

F" Coltuus Laboratories for selected physical and chemical characterization.

The analyses to be completed included pH, electrical conductivity, organic

umtter content, cation exchange capacity, moisture contept, surface area,

oil and grease (solvent extractable) content, and particle size

distribution. This report presents the results of this project in tabular

t,, and brief dscriptive form.

atterials and Methods

The methods employed were the same as those included in the

appendix of the previous Final Report. to IT on project 526-J-8687. All

analyses were performed in duplicate with the exception of surface area,

in which five replicates were used.
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Resul ts and Discussion

Table 1 presents a comparison of 'Ihe three IT soils and is 16ely

self-explanatory. Each characterizzic is discussed briefly below.

Sample IT 4543 was considerably more acidic than the other two

samples. Samples IT 4540 and IT 4569 exhibited similar pH readings, even

though their physical appearances were considerably different from one

another. That is, while IT 45 resembled a normal soil, sample IT 4569

resembled -round limestone, which would be expected to exhibit a high pH.

The thr'i pH values, however, are not atypical for widely disperse soils.

El ectri cal Conductivity

Electrical conductivity (EC) Is an indication of soluble salts

co;atent. Samples IT 4540 and IT 4543 showed very low EC rtedings compared

to sam=le IT 4569. Nevertheless, all three soils are low in soluble salts

compared to truly saline soils (e.g., an EC greater than 10 millimhos/cm).

Ortanic Matter

"All three soils were very low in organic matter content, Samples

IT 4543 and IT 4569 were among the lowest we have wasured. A typ1cal

midwestern agriculhural soils may have an organic matter content of 4 to

7 percent, while t6ruly organic soils, such as a Histosol In southern

Florida, may have organic matt•r contents of 50 percent or ore.

Cation Exchaange Caoacfc .

Cation e.-.hange capacity (CRC) is a -,asure of the ability of a

soil to bind important nutrient cations, such as ,31cium.. magnesium, and
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potassium. A soil with a high CEC, e.g., 10 to 15 milliequivalents/100

I or more, generally is more fertile than soils exhibiting low CMCs. The

IT soils all showed iow CZCs, with samples IT 4543 and IT 4569 showing

comparably low values. These results compare well with the organic ma:ear

c"atants and illustrate the influence of organic matter on CEC.

Moisture Content

The values for moisture content in Table T reflect the air-dry
. nature of the samples as received. The main reason for determining :he

moisture content of the air-dry samples is to correct the results of various

analyses to reflect oven-dry weights of soil.

F Surface Area

" 'The surface areas of the three soils samoles are considerably less
than the soil sample previously analyzed for IT. This is the result of

F.. the relatively low proportion of clay in the threa samples most recently

V analyzed (see Particle Size Distribution).-

Oil and Armase (Solvent-extractable) Content

Suole IT 4540, with an average solvent-extractable content of
* 1759 m1crogran/g, was considerably higher in total solvent-extractable

content than the other two samples, The origin of the solvent extractable

content, whether anthropogmnic or natural, is not indicated by the analysis
perfov•med. Nevertheless, it is likely that sample IT 4540 has been

t*.. subjected to a level of anthropogenic input of oil and grlase. Some other

r analysis, such as gas chromatography-mass spectroscopy, would be required
to identify the materials making up the solvent extractable content.

Particle Size Distribution

The rlsults of the particle size analysis are for the less-than-

S 2.00-mr fraction since the saumples as received were air-dry and sieved

119



I Ixi

ft Iti 3

q 4i44 4 a

I 
;I I

" • " ' ' ' ~- - -. . . .. " -
F ]" • g ] ~ l • - ! .I1 1 1 1I

.5 --

4 I " , ,

3 :•a ! II,• . •
SI I ij .i .ii '- "" =" j"

.I I1 ; * |3 : i -, *.+ .+

Oak

120



2to .00-mn or less. All three soils had fairly high contents of medium

and fine sands, and fairly low clay contents. Based on these results, the

less-than-2.00-mn fraction of IT 4540, IT 4543, and IT 4569 are classified

as loamy sand, sand, and loamy sand to sandy loam, respectively. These

results also explain the relatively low values for CEC, organic matter,
and surface areas, which are those parameters influenced considerably by

the extent of the clay-size fraction in a soil.

CONCLUSION

Although the three soils included in this study represent

1: .non-contaminated background soils, the results of the physical-chemical

characterizar~ion should prove useful to IT for understanding the fate of
, 2.3,7, 8-tatrachlorodibenzodioxtn in similar soils.

L.

I
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Annex 3

BATTELLE DATA TABLE FOR

PHYSICAL-CHEMICAL CHARACTERIZATION

OF CONTAMINATED SOILS FROM

JI, EGLIN, AND NCBC
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Annex 4

ALLIS-CHALMERS REPORT ON SMALL BATCH

KILN TEST SIEVE ANALYSIS AND BULK DENSITY

MEASUREMENTS OF JI, EGLIN, AND NCBC SOILS
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ALLIS-CHALMERS
PROCESS RESEARCH & TEST CENTER

9180 FIFTH AVENUE

SMALL BATCH KILN TEST AND COMPUTER STUDY

For

IT CORPORATION

Test Center Project No. 85-003

Charge No. 01-6712-52357

Date Performed: January 9-11, 1985

Date Reported: January 30, 1985

Reported By: K. K. Mak
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INTRODUCTION

In accordance with Subcontracting Agreement and Purchase Order No. 4-12-27-01
from IT Corporation, Allis-Chalmers Energy and Minerals Systems Company per-
formed a rotary kiln study for IT Corporation.

The objective of the study is to determine the behavior of contaminated soil
on pyrolysis, and the degree of exhaust dust carry over.

The study included small batch kiln tests using three uncontaminated soils
supplied by IT Corporation, and kiln heat transfer computer study.

The small batch kiln tests were performed at Allis-Chalmers Process Research &
Test Center during the period of January 9-11,1985. These tests were witnessed
by Mr. J. L. Fleming of IT Corporation.

CONCLUSION

Based on the small batch kiln test result, the following conclusions have been
obtained:

1. All three(3) soils (4761, 4760, 4768) did not show any signs of sticking,
slagging or balling when kiln gas temperature of 1038 OC was used.

2. Kiln exhaust gas dust increased with higher gas velocity through kiln.

3. Material 4768 tend to slide in kiln instead of turning over bed moticn.

TESTWORK AND COMPUTER STUDY SUMMARY

Material Description

Three 5 gallon pails of uncontaminated soil were received at the Allis-Chalmers

Process Research & Test Center. They were opened at the presence of Mr. J. L.
Fleming.

Soil 4761 looked like a clay structure with a few occasional 2 or 3 inches
lumps. Soil 4760 looked like a sandy soil. Soil 4768 looked like a sandy soil
with large amounts of embedded sea shells.

Moisture Content

The moisture content of the as received soils are shown below:

Soil 4761 6.5% Moisturu
Soil 4760 1.2% Moisture
Soill 4768 6.4% Moisture
Soil 4768 5.0% Moisture (oven dried at

100 OC overnight)12;7



Small Batch Kiln Test

Eleven small batch kiln tests were performed and witnessed by Mr. J. L. Fleming
of IT Corporation. Total retention time for each heat was set at 60 minutes.
Kiln speed was 2.8 rpm and bed loading was around 7 percent. A summary of the
test conditions used in the batch kiln tests is tabulated below.

Heat Soil Feed Kiln Gas Total
No. Moisture Temp Ga6 Excess

OC Input 02
% _ _ SCFM

1 4761 6.5 1038 32 10

2 4761 6.5 1038 45 10

3 4760 1.2 1038 32 10

4 4761 6.5 1038 100 10

5 4760 1.2 1038 66 10

6 4760 1.2 1038 100 10

7 4761 6.5 1038 66 10

8 4768 6.4 1038 32 10

9 4768 6.4 1038 66 10

10 4768 6.4 1038 100 10

11 4760 1.2 1038 25 10

Test results and observations are shown in Appendix A. Time-temperature curves
for each heat are shown in Appendix B.

Bulk Densities and Screen Analysis

The loose bulk densities of the as received material and batch kiln products are
shown in Appendix C. The screen size structures of the as received soil and
product from the small batch kiln tests are summarized and shown in Appendix D.

Dynamic Angle of Repose Inside Kiln

Dynamic angle of repose tests on as received soil, 4760 and 4768 test product
were performed using a glass-faced 38 inch diameter drum. The drum was rotated
at 0.82 rpm equivalent to 0.6 rpm in the EERU unit. Test results are shown in
Appendix E.

Lois On Ignition

A loss-on-ignition test was performed on the as received soil sample. The sample
was held at 1000 OC (1832 OF) for 30 minutes. Test result showed that the 1-;::!
in weight was 46.62% in soil 4761, 2.07% in soil 4760 and 12.46% in soil 4768.
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TGA AND DSC TESTS

Thermogravimetric Analysis (TGA) and Differnetial Scanning Calorimeter (DSC)
tests were performed on each of the three as received soi1s. The results are
shown in Appendix F.

Heat Transfer Computer Program Study

This will be provided in a separate addendum report.

K. K. Mak
Stnior Engineer, Pro* r3, Devrlq4ient
Process Rese~rch A 1 *"*t. r'nonter
A-C Energy & Mineral:: ,ompny

KKM/sjk
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Small Batch Kiln Test

Project Name IT Corporation Date Januaxy 9. 1985

Heat No. 1 (4761-1)

Kiln Ret. Time 60 mins Excess 02 10

Kiln Speed 2.8 rpm Kiln Temp at Time of Feed 1038 0

Kiln Loading 7 Feed Moisture 6.5

Total Gas Input Rate 32 SCFM Charge Weight 5.44 Kg

Process

Time Bed Off Gas Gas InDut Comp SCFM

Min Temp Temp Air 02 Nat. Gas

OC#2 oc #1 Remarks

0 1038 30 2.0 Fine dust blown out at start.

S 1 708 919 29.S 1 2.5

10 86s 1040 28.0 1 3.3

Is 879 1041 28.0 1 3.0

20 884 1039 28.5 1 2.9

25 892 1037 28.5 1 2.8

30 954 1031 27.3 2.4. 2.4 Between 25 and
1 32 min - the 3 large pieces

35 1000 1044 28.1 2.2 1.7 broke up. Bed temp incurred
140 °C in 8 minutes.

40 1006 1034 28.1 2.2 1.7

45 1013 1037 28.1 2.2 1.7

50 1014 1037 28. 2.2& 1.7

55 1018 1040 28. 2.2 1.7

60 1020 1041 28.4 2.2 1.7

Product Weight 2.43 Kg Exhaust Dust Weight 0.23 Kg

Floor Sveepings Kg Total Product Weight 2.66 Kg

Observations:
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Small Batch Kiln Test

Project Name IT Corporation Date January 9, 1985

Heat No. 2 (4761-2)

Kiln Ret. Time 60 mins Excess 02 10

Kiln Speed 2.8 rpm Kiln Temp at Time of Feed 1038 oC

Kiln Loading 7 Feed Moisture 6.5

Total Gas Input Rate 45 SCUM Charge Weight 5.44 Kg

Process
Time Bed Off Gas Gas Input Comp SCUM
Min Temp Temp Air 02 Nat. Gas,•oc oc 2Remarks

* 0 1040 39.1 2.7 3.2 Irregular bed action.

5 693 894 37.6 3.8 3.6
36.8 4.4 3.8

S10 882 1038 35.3 4.5 4.2 -10 Min regular bed action -

36.4 4.9 4.0 No large pieces (broken).
15 920 1042 36.8 4.4 3.8

37.6 3.8 3.6
20 942 1039 38.4 3.2 3.4

25 985 1045 39.1 2.7 3.2

30 1019 1040 39.1 2.1 3.0

35 1028 1043 39.1 2 1 3.0
39.1 1.8 2.9

40 1034 1039 39.1 1.6 2.8

45 1036 1043 39.1 1.6 2.8

S50 1034 1037 39.1 1.6 2.8

55 1035 1038 39. 1.6 2.8

60 1039 1040 39. 1.6 2,8

Product Weight 2.13 Kg Exhaust Dust Weight .34 Kg

Floor Sweepings .06 Kg Total Product Weight 2.53, Kg

Observations:
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Small Batch Kiln Test

Project Name IT Corporation Date January 9, 1985

Heat No. 3 (4760-1)

Kiln Ret. Time 6.0 mins Excess 02 10

Kiln Speed 2.8 rpm Kiln Temp at Time of Feed 1038 C

Kiln Loading 7 % Feed Moisture 1.2 %

Total Gas Input Rate 32 SCUM Charge Weight 4.75 Kg

Process
Time Bed Off Gas Gas Input Comp SCUM
Min Temp Temp Air 02 Nat. Gas

OC oc Remarks

0 1038 25.1 3.9 3.0 Roots burned immediately.
25.8 3.4 2.8

S 906 1046 27.3 2.3 2.4

10 1010 1044 27.3 2.3 2.4

15 1025 1040 27.3 2.3 2.4

20 1027 1040 27.3 2.3 2.4

25 1025 1037 27.3 2.3 2.4

30 1026 1038 27.3 2.3 2.4

35 1028 1038 27.3 2.3 2.4

40 1028 1040 27.3 2.3 2.4

45 1029 1040 27.3 2.3 2.4

50 1030 1038 27.3 2.3 2.4

55 1029 1039 27.3 2.3 2.4

60 1028 1038 27.3 2.3 2.4

Product Weight 3.03 Kg Exhaust Dust Weight ._

Floor Sweepings Kg Total Product Weight 4.43 Kg

Observations:
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Small Batch Kiln Test

Project Name IT Corporation Date January 10, 1985

Heat No. 4 (4761-3)

Kiln Ret. Time 60 sins Excess 02 10

Kiln Speed 2.8 rpm Kiln Temp at Time of Feed 1038 °C

Kiln Loading Feed Moisture 6.5

Total Gas Input Rate 100 SCFM Charge Weight 5.44 Kg

Process

Time Bed Off Gas Gas Input Comp SCFM
Min Temp Temp Air 02 Nat. Gas

oc oc Remarks

0 1038 85 7.4 7.6 Considerable dust blown out.

5 864 1043 86 6.3 7.2
87 5.7 7

10 874 1040 89 4.5 6.6 At 13 Min Bed Temp approach-
ing Off Gas.

15 931 1041 89.6 3.9 6.4
91 2.9 6

20 1010 1034 91 2.9 6

25 1022 1040 91 2.9 6

30 1 1015 1040 91 2.9 6

35 1020 1038 91 2.9 6

40 1019 1040 91 2.9 6

45 1021 1039 91 2.9 6

50 1024 1039 91 2.9 6

55 1028 1043 91 2.9 6

60 1029 1041 91 2.9 6

Product Weight 1.77 Kg Exhaust Dust Weight 0.44 Kg

Floor Sweepings 0.25 Kg Total Product Weight 2.46 Kg

Observations:
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Small Batch Kiln Test

Project Name IT Corporation Date January 10, 1985

-Heat No. 5 (4760-2) Sand

S"60 10

Kiln Ret. Time nins Excess 0 1
2.2Kiln Speed 2.8rpm Kiln Temp at Time of Feed 038 C

Kiln Loading 7 Feed Moisture 1.2

-- 766 4.75

Total Gas Input Rate SCFM Charge Weight Kg

Process
Time Bed Off Gas Gas Input Comp SCFM

SMin Temp Temp Air 02 Nat. Gas
Coc oc Remarks

- 0 56 4.8 5

5 932 1012 57.7 3.7 4.6

10 992 1034 58.5 3.1 4.4 At 10 Min 0.66 Kg leakage
Kiln Cover.

15 1009 1030 58.5 3.1 4.4

20 1013 1040 58.5 3.1 4.4

25 1016 1038 58.5 3.1 4.4

30 1017 1040 58.. 3.1 4.4

35 1018 1040 58.! 3.1 4.4

40 1020 1041 58.5 3.1 4.4

45 1018 1036 58.5 3.1 4.4

so 1019 1039 58.5 3.1 4.4

55 1022 1041 58.5 3.1 4.4

60 1021 1040 58.5 3. 4.4

Kiln Leakage 0.66 Kg

Product Weight 2.57 Kg Exhaust Dust Weight 0.90 KP

Floor Sweepings 0.18 Kg Total Product Weight 4.31 Kg

Observations:
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Small Batch Kiln Test

Project Name IT Corporation Date January 10 , 1985

Heat No. 6 (4760-3) Sand

Kiln Ret. Time 60 mins Excess 02 10

Kiln Speed 2.8 rpm Kiln Temp at Time of Feed 1038 oC

Kiln Loading 7 Feed Moisture 1.2

Total Gas Input Rate 100 SCFM Charge Weight 4.75 Kg

Process
Time Bed Off Gas Gas Input Comr SCFM
Min Temp Temp Air 02 Nat. Gas

oc oc Remarks

0 1038 91 2.9 6 Organics burned out.
87 5.7 7

5 993 1043 89 4.5 6.6
At 8 Min Bed Off Gas appro-

10 1009 1038 90.4 3.4 6.2 aching line out conditions.

15 1017 1040 91 2.9 6

20 1018 1040 91 2.9 6

25 1020 1039 91 2.9 6

30 1019 1039 91 2.9 6

35 1021 1037 91 2.9 6

40 1023 1040 91 2.9 6

45 1021 1038 91 2.9 6

50 1018 1038 91 2.9 6

55 1020 1038 91 2.9 6

60 1021 1040 91 2.9 6

Product Weight 2.84 Kg Exhaust Dust Weight 1.01 Kg

Floor Sweepings 0.44 Kg Total Product Weight 4.29 Kg

Observations:
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Small Batch Kiln Test

Project Name IT Corporation Date January 10, 1985

Heat No. 7 (4761-4)

Kiln Ret. Time 60 sins Excess 02 10

1038 o
Kiln Speed 2.8 rpm Kiln Temp at Time of Feed_03__o C

Kiln Loading 7 Feed Moisture 6.5

Total Gas Input Rate 66 SCFM Charge Weight 5.44 _ Kg

Process
Time Bed Off Gas as .Input Comp SCFM
Min Temp Temp Air 02 Nat. Gas

_,___" oc oc Remarks

0 1038 56.2 4.8 5

5 840 1018 55.4 5.4 6

10 921 1038 56.2 4.8 5

15 944 1039 58.0 3.7 4.6

20 1009 1041 59.0 2.6 4,2

25 1028 1035 59.0 3.1 4.4

30 1036 1039 59.0 3.1 4.4

3S 1032 1038 59.0 3.1 4.4

40 1037 1040 59.0 3.1 4.4

45 1035 1039 59.0 3.1 4.4

so 1033 1036 59.0 3.1 4.4

55 1038 1040 59.0 3.1 4.4

60 1035 1039 59.0 3.1 4.4

Product Weight 2-00 Kg Exhaust Dust Weight 0,___ Kg

Floor Sweepings 0.09 Kg Total Product Weight 2.51 Kg

Observations: . .... .
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Small Batch Kiln Test

#roject Name IT Corporation Late January 11, 1985

Heat No. 8 (4768-1)

Kiln Ret. Time 60 mins Excess 02 10

Kiln Speed 2.8 rpm Kiln Temap at Time of Feed 1038 oC

Kiln Loading 7 %__ Feed Moisture 6.4 %

Total Gas Input Rate 32 SCFM Charge Weight 4.68 Kg

Process
Time Bed Off Gas Gas Int Coto SCFM
Min Temp Temp Air 02 Nat. Gas

oc oc Remarks

S25.1 3.9 3.0 Organics burning out.
3 Min to complete. Bed more

S 865 996 23.5 5.1 3.4 free flowing at 3 Min rather
than sliding.

10 947 1042 24.3 4.5 3.2 Air Compressor off low pres-
sure - change to high pres-

15 996 1041 25.1 3.r 3.0 sure system (8 Min Bed Temp

below expected).
20

25 800 870 25.1 3.9 3.0

30 985 1043 2,.1'. 3.9 3.0

3S 1009 1040 26.6 2.8 2.6

40 1021 1036 26.6 . 2.6

45 1010 1033 20.0 2.0 1.8

50 1012 1038 20.0 2.0 1.8

55 1014 1038 20.0 2.0 1.8

60 1014 1038 20.0 2.0 1.8

Product Weight 3.36 Kg Exhaust Dust Weight 0.2 .. Kg

Floor Sweepings 0.02 Kg Total Product Weight 3.50 - Kg

Observations;
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Small Batch Kiln Test

Project Name IT Corporation Date January 11, 1985

Heat No. 9 (4768-2)

10

Kiln Ret. Time 60 mins Excess 02 1

Kiln Speed 2.8 rpm Kiln Temp at Time of Feed 1038 0C

Kiln Loading 7 Feed Moisture 6.4

Total Gas Input Rate 66 SCFM Charge Weight 4.68 Kg

Process
Time Bed Off Gas Gas Input Comp SCFM
Min Temp Temp Air '0 Nat. Gas

oc oc 2 Remarks

0 1038 60 2.0 4

5 929 1037 56 4.8 5

10 1013 1037

is 1023 1040 59.2 2.6 4.2

20 1021 1037 59.2 2.6 4.2

25 1023 1038 59.2 2.6 4.2

30 1023 1039 59.2 2.6 4.2

35 1024 1038 59.2 2.6 4.2

40 1023 1037 59.2 2.6 4.2

45 1021 1036 59.2 2.6 4.2

s0 1026 1040 59.2 2.6 4.2

55 1025 1039 59.2 2.6 4.2

60 1024 1038 59.2 2.6 4.2

Product Weight 3.00 Kg Exhaust Dust Weight 0.52 Kg

Floor Sweepings 0,05 Kg Total Product Weight 3.57 Kg

Observations:
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Small Batch Kiln Test

Project Name IT Corporation Date January 11, 1985

Heat No. 10 (4768-3)

Kiln Ret. Time 60 ains Excess 02 10

Kiln Speed 2.8 rpm Kiln Temp at Time of Feed 1038 °C

Kiln Loading 7% Feed Moisture 6.4

Total Gas Input Rate 100 SCFM Charge Weight 4.68 Kg

Process
Time Bed Off Gas Gas Input Comp SCFM
Min Temp Temp Air 02 Nat. Gas

oC OC Remarks

0 1038 91 2.9 6 Organics burned out within
2 Min from start.

5 926 1020

10 1020 1047

15 1029 1042 92 2.3 5.8

20 1026 1034 92 2.3 5.8

25 1026 1034 92 2.3 5.8

30 1028 1036 92 2.3 S.8

35 1029 1036 92 2.3 5.8

40 1036 1040 92 2.3 5.8

45 1034 1039 92 2.3 5.8

50 1033 1035 92 2.3 5.8

65 1033 1038 92 2.3 5.8

60 i037 1040 92 2.3 5.8

Product Weight 2.60 Kg Exhaust Dust Weight 0.81 Kg

Floor Sweepings 0.13 Kg Total Product Weight 3.54 Kg

Observations: _
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Small Batch Kiln Test

Project Name IT Corporation Date January 11, 1985

Heat No. 11 (4760-4)

S60 10
Kiln Ret. Time mins Excess 02 %

"Kiln Speed 2.8 rpm Kiln Temp at Time of Feed 1038 c

Kiln Loading 7 Feed Moisture 1.2

Total Gas Input Rate 25 SCFM Charge Weight 4.75 _ Kg

Process
Time Bed Off Gas Corn SCM
Min Temp Temp Air 02 Nat.. Gas

• oC oc Remarks

0

S 996 1043 17.1 4.9 3

10 1040 1043 19.4 3.2 2.4

15 1034 1038 20.9 2.1 2.0

20 1035 1038 20.9 2.1 2.0

i2 1035 1037 20.9 2.1 2.0

30 1035 1038 20.9 2.1 2.0

35 1035 1040 20.9 2.1 2.0

40 1035 1038 20.9 2.1 2.0

"45 1036 1040 20.9 2.1 2.0

s0 1037 1038 20.9 2.1 2.0

55 1032 1032 20.9 2.1 2.0

60 1033 1038 20.9 2.1 2.0

Product Weight 3.73 Kg Exhaust Dust Weight 0.86 Kg

Floor Sweepings 0.03 Kg Total Product Weight 4.62 Kg

Observations:
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LOOSE BULK DENSITY OF MATERIALS, Ib/ft 3

As Received 4761 85.98

As Received 4760 80.04

As Received 4768 78.92

Test 1 Product 55.56

Test 2 Product 54.31

Test 3 Product 94.28

Test 4 Product 51.19

Test 5 Product 92.40

Test 6 Product 92.40

Test 7 Product 47.45

Test 8 Product 84.29

Test 9 Product 87.41

Test 10 Product 118.63

Test 11 Product 93.03
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AS RECEIVED SOIL SCREEN ANALYSIS

PERCENTAGE PASSING

Screen Size Soil 4761 Soil 4760 Soil 4768

"2.1 Inch 100.00

1.5 Inch 76.59

1.1 Inch

.75 Inch - 100.00

.53 Inch 74.06 92.49

.375 Inch 68.31 88.08

3 Mesh 61.69 85.04

4I Mesh 514.77 100.00 72.68

6 Mesh 49.17 99.96 64.22

8 Mesh 43.52 99.90 58.66

10 Mesh 39.77 9 9 .84  56.14

14 Mesh 35.71 99.60 54.02

20 Mesh 3 1. 5 4 97.57 51.52

28 Mesh 26.36 82.92 47.01

35 Mesh 20.90 51.71 40.06

48 Mesh 15.67 22.43 30.95

65 Mesh 10.71 6.97 17.94

100 V-esh 6.94 2.77 10.58

150 Mesh 3.62 1.77 6.74

200 Mesh 1.24 1.15 3.67

Pan 0 0 0
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SEIEVEMAIN EUFM MA TN 2 00000250 '000 24 0

SIEVE ANALYSIS ALLIF-CHALMERS
MATERIAL SOIL 4761
qUBtIITTEI' ?Y IT COR F.

E4ATCH KIL?,i TEST I
rEaT 00.,85-003 VATE .-. 0-85

A-. AS F"EC, FEED SAMPLE
-P 47A-1-- I .L• PF .P•fl.7
r> 4',6 .- E'HA.LST iUST, 7ra 1

SIE'WF SUE A V.
EPUI k ASTii PERC ENATOE O PERCENTASE PERCENTAGE PERCENTAGE

M.ESH MlJ-fI'll 0 N F', Pt4i'.O0 PlN PASSING ON PASSING ON PASSTIG
2,1 $3 .MC. 0,00 ¶%,., C,,0O 100,06 0.00 100.00
KS 375. 23.41 "' ..00 100.00 0,0) 166,00
1,1 26500 0.0 *,,,iA 0.00 100,0.?, 0,00 100.00

"!5 Q'-OOO 0>,00 0,2' 0 0.00 tO0 0C0 4,60 100.00
.53 1300 2 '3 "4."s I2.-1 8'S• 0,00 100.00•,"5 $0,0 5,,5 A,-AA,'a 7 • , o .O O

3 , .0c ~ 66? #1.&• !,0,8 67.3(' ,1000 100.00
S0 6.'Z29 00 57,20 'tO0 100 .00

6335" ,,0 49.1-- 7."7w 40,73 2135 97.65
.1'c6 . 1 41.12 RI 8 96.83

tO 1"? "24 3 6.26 3. $3 02' 96,06
n, , ,, . 2PS 1.54 Z4.52

,n 850 4,'-" 31.-.4 4.6,5 2 3 ,," ST 9 .'B.F 17 , -•,4 ,..

8.,iA 2j 3 .' O ' -' ..

.1, .. t6 7' -1'- 231-1

• .'5 •Y' " '" :•" - ., O ,, 0 • • 00

""..... 14 C, ,, '.. 16" .69 t, .

212" 4I I•A O'A "" A IA.' 23.02
I)- -4.,,

c a.
4.920
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91EVE ANALYSIS L. 1 -T H AL .iE RS
MATERIAL SOIL 4761 -I
SUBMITTED BY IT CORP.

BATCH KILi TEST
TEST NO,85-003 tATE 1-10-85

10, ) :1) EIGHT F'ASSI G I .
-iESH MU-? 1.98 6 5 4 7 2 1. 6 5 4
4,2 1071-l "
*• AS REC. FEED SAMPLE

.'2 '•5000 -'

5= 4761-1 KILN PROD.
* ,I 5300') 7

C= 4761-i EXHAUST DUST
1.5 713500 4 A

1.1 26500 4

, 5 1t9000 4

S ,l 13200 C BA

,375 ?5200 C BA

Hi-3 6700 C BA

4 4750 C I

.• 3150 C I

8 2360 C AD

iL' L'0' C A

14 116A C A D

20 810 Cc

V5 4

450 3,6.::

1,50 106

60 B

1*21 5 4 5
40 3i 00 A106 +C 4 f
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[.EV9E MA 1N. T \ 0.('000031C, A0245C,

.i[ '). .E •,'.A 'rSISALL I B-CHALMEPS
M .A T ER I A'. S T L. t "-A.l..

SUE'MITTED 1Y LIT CORF,
6ATCH <TL.0J TEST 2

TPESIT NO 5 -D,3 CIATE 1-10-85

A= AS .EC, •E'E BAMF'L
•. 4761.-..2 KILN PRFOD, TE-.T 2

4761--2 EXHAUST DiUST TCIT '2

9T. ]EVE: SIZE A C D
EtUIV, ASTM FERCENTAGE PERCENTAGE PERCENTAAE PERCENTAGE
TMESH MLU-M ON P ASSI NG3 ON F'ASSINe ON F'AIFSING ON PASSING

i 5'3000 O0 i0,:;, ,, 0:00 100,00 0400 100 400

5. "- o, 2'7. . 1 ' . 0:00 i 100,00 0100 100.00
0,I. 2 ;v,... 00 00 (.1 0.00 100,00 0,00 100,00

0 .. " •, 010 100000 00
C. ,,w. . .. , ,,.,3 :l 2S: r, '•... _ ,.D' 74 25. '9• ,'. 7..• 2,71 0.00 100,00

•~ ~ .A: ;5 • 0,' F., -..7 A.)*:'. 1. I. . 84 84,91 6,00. .1ofn, 00.

670:: 6:62 ,4I,69 10.09 .n 74.82 0400 100,00
- 4 7 50 1,'2 F54 t.: t0,27 64,54 C.10,0 to0,00

3Y, K60 49,!7 8.I85 5640 1460 98.40
* "3"0 ~ 5.6J 4"$ ." ..,.4 47,76 1 ,r,8 97,32

1, 170 '4 7Q , 6:81 40,95 1(21 9-,10
1.4 t180, 4.07 '.. 56 42 34z!3.3 1,20 92,89
21 8.71,0 4,17 31 '4 7.S; 26.99 " 6O 85.2Q
:2 8 600 5,i8 26 ... 6 ".. i4 1,7;41'. 12,18 73,11

:35 42J 5,4 35 2090 cO0, 0O00 14 11 58461
8 3. 0 0 .#27 1•.C" ? 00 ,f t o0 16,o0 42,00

,,. 4. ),' 0,00 0Q0 16. 5 25,05
1.06 0 0 "000 12 , 12t29

1, . , 62 47)S .",0 i,?,3. 3,32 3 62 , 0.00 6,93 5,36
'" 38 I L4 0 00 0.00 3.03 2.33

0:;', '3.. O 0 ,.; ," 0 , 0100 0,0n 0 00
.i5,5 00 0 o 100 0 00 ,100 0, 00 0400

o4 0.10 .,,0 0,00 0400

2 .100 0 00 0.00 0100 0,00 0.00"..,fl
P -j o C .,. 4 0 O0 1 19,41 0,00 23,3 0100

A p C D
80 PCT, SIZE (L.OG-LOS4, - 39678. 8060, 735,
9:HI...O'E,80"% SIZE TO SMALLEST tIAT UH 0,664 0,544 1,549
SPECI F I C GRAY:rTY ****•4 ***** ****AY'T
'I.T:. IMATED'.". ,GR FOP 40% VOIDtS 0,00 0,00 0.00

YCOIDS, FI:AC'FION ******* ***4e** *****'
.,ULIK WEIGHT ,"LB~SF'I'*3,• t*2**** **',4***4l #**1***0
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SIEVE ANALYSIS ALLIS-CHALME PS

"MATERIAL SOIL, 4761
SUBMITTED BY 1T i.ORP,

BATCH KILN TEST 2
TEST N0.85-003 DATE L-10-85

100 10 WEIGHT % PASSING 1 ý2

MESH MU-M 198 6 5 4 3 2 198 6 5 4 3 2 198 6 5 4 2

4.2 107MI4 7
A= AS REC. FEED SAMPLE

3.0 75000 7
b= 4761-2 KILN PROD*

2.1 53100 7
C= 4761-2 EXHAUST DUST

1.5 37500 4 A

Li 26500 4

.75 19000 4

,53 13200 C? A

°375 9500 C B A

M=3 6700 C B A

4 4750 C PA

6 3350 C BA

a 2360 C I

10 1700 C 1

14 1180 C AB

20 850 C Af

?a 600 C p

35 425 C A

48 300 C A

A5 212 C A

too 0 50 i A

I50 106 c A

200 75 C

270 53
'325 45
too 38

!100 26 4
IIESH iU-M 198 6 5 4 3 2 19B A 5 4 3 2 108 6 ' 4 3 2
I=A÷B 2 rA+AC I --A+r 4-B+C P÷P 6-c+1
?=AID+C 8=A+BD+ 9=A+C+D zP+C+÷D +-A+B+C+I
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:TEVE ANIALYSIS ALLIS-CHALMERS
MATERIAL SOIL 4760
SUBMITTED BY IT CORF'.

BATCH KILN TEST 3
TEST N0.85-003. DATE 1-10-83

A= AS REC. FEED SAMPLE DRIED A7 100 C
B= TEST3 KILN PROD, 474o-i
C= TEST t E/HAUST DUST 47,o6-1

SrEVE SIZE A B C
EOUIV. ASTM PERCENTAGE PERCENTAGE PERCENTAGE PERCENTAGE
T*MESH MU-H 014 PASSING 014 PASSING ON PASSING ON PASSING

4 4700 0400 100.00 0100 100,00 0.00 100.00
6 3350 0104 99.96 0.06 9t.94 0.00 100,00
8 2360 0,0A 99,90 0.02 99,92 0,00 100,00

to. I04 0,06 99.84 0.04 99,87 ),OA 100.00
14 1180 0.l 09,60 0426 99$62 0.03 99.97
20 050 2.03 .27,27 2,32 97.30 0,49 99,48
28 600 14,6"i 82.92 14.,4 82.36 9,96 89.52
35 a25 I1.21 !;1.7l 30,29 52,07 38.,2 pI,00
48 33 2,1 P 2,43 2R,8", 23.21 34197 16.03

5 2 12 1U,47 o.s 16,15 7,07 12173 3*30
1A0 It0 4,20 2,2' 4,93 2,t4 2,64 0.66
090 t0i t.00 1177 1.12 1.02 0.44 0.22
200 75 0,6? 1.11 0.24 0,48 0.14 0.09
+30 53 0600 0. 00 0.00 .0 000 0.00
325 4. O00A 0..0 0.00 0,00 0.00 0600
440 38 0),00 0,00 o,00 0,00 0.00 0.0
540 26 0,0V 0.0C. 0,00 0,00 0,00 0.00.
PA4N 0 1.1 0600 0.48 010.) 0,09 0,00

A B C D
90 PCT. SIZE 'LOG-LOG - 1 84. 187, Ij60.
SL0,PEPSO SIZE TO SMALLEqT DtATUM 2.OA4 2.i2 20.901
4MCIFIC GRAVItY '014 441414
ESfl1MATEr' SF,0P FOR 4A% 90D111 01.0 0o00
Wr![S FPACTION 41
t4UL'1. 14EIGHT 44 ~44 ~4 1
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SIEVE ANALYSIS ALL I S-CH A LMERS
MATERIAL SOIL 47/60
SUBMITTED BY IT CORP.

,0 ATCH KILN TIEST 5
TEST NO,85-003 DATE

A= AS REC, FEED SAMPLE DRI;MAT 100 C
R:- TEST I KILN PROD4 476o-/

TEST I EXHAUST DUST,47/60-1
100 1 V0 W E 16 H T % F A 8 -0 3. NI 0 1 .2

MESH MU-M 198 6 5 4 3 2 198 6 0 4 3 198 6 -0 4
.53 13200

43"15 9500

H=3 61-00

4 4750

6 33SO Cl

a 2360 cl

10 1700 Cl

14 1180 7

20 850 7

is 600 7

35 425

48 300 c

2t2 I c

too 150 c

ISO 106

200

.710 53
12 45

38

Soo 26
14ESH MU-M 178 6 5 4 71
I -A+r' 2 - 0; +C +

&-A+B+c 0- -1;+V+D ?-A+C+D 4-ý+C+b
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SIEVE ANALYSIS ALLIS-CHALMERS
MATERIAL SOIL 4761
SUgMITTED BY IT CORP.

PATCH KILN TEST
TEST NO.85-003 DATE 1-10-85

A= AS REC, FEED SAMPLE
8= 4761-3 KILN PROD, T9sT 4
C= 4761-3 EXHAUST DUST. TrT I
D=

SIEVE SIZE A B C t
EoUIV. ASTM PERCENTAGE PERCENTAGE PERCENTAGE PERCENTAGE
f.MESH MU-M ON PASSING ON PASSING ON PASSING ON PASSING
2.1 53000 Ot0n 100.00 0100 100,00 0.00 100,00
L.5 37500 23,41 76.59 0.00 100,00 0.00 100.00
1.1 26500 0.oA 0100 0,00 106.00 0400 100.00
.75 19000 0100 0400 0400 100.00 0.00 100400
.53 13200 2,33 74,0O 4.76 93*24 0.00 100,00
,379 0500 5,75 68.31 9.24 86,00 0,00 100,00
h=3 6700 6.*6 61.49 14,39 71,60 0.00 100.00

4 4750 6.92 54.77 14,45 57.15 0.00 Ic 0000
6 3330 5.61) 49,17 9.07 48.08 7.81 9 2 ,19
3 2360 5.65 43.52 10.08 38.00 4.02 86.18

10 1700 3,74 9.77 7.37 30463 3.93 84.25
14 1180 4*0' 37.71 6,78 23.85 5,04 79*21
20 850 4,17 31.54 7,12 16.73 5.39 73.82

78 600 5,18 26.36 7.42 9,31 7,37 66.45

35 423 ,41 10,90 0.00 0.00 11.18 55,26
48 310 5.23 15.67 0.00 0,00 15.80 39,47
6t 212 4.96 10.71 0100 0.00 18636 20,91

100 150 3,77 6.94 0.00 A400 11.69 9,22
150 106 3.31 3.60 0400 0.00 5,31 3.90
700 75 2.38 1.24 0.00 0400 2.31 1,60
2"5 13 0106 ),00 0.00 0.00 0.00 0,00
ýi5 45 0,00 0,00 4100 0,00 0.00 0.00
41N6 39 OnA 0,1A) 0.00 0100 0.00 0.00
15 0 11 1 0.00 0.00 0.00 0400 40()0 % 0,0

PAN 1.14 O.•A 9.31 0.00 1,60 0.00
A D C

80 PCT. SIZE (l.O0-,tn' = 39678, 0277. 12 1.
SLOPE80% S!ZE I'D SMALLEST DATUH 0.664 0.820 1,390
SPECrF!C GRAVITY *$**~*4* 4~**** **~**#**
Fr,1'MAT'ED SPPGF. FOP 40% VOIDS 0.00 0.00 0.00
VOIDS FRACTION $*4*;* *$**$* ***** #*

JLK WEIGHT ;LDS/F1T**3)6
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SIEVE ANALYSIS ALLIS-CHALMERS

MATERIAL SOIL 4761
SUBMITTED BY IT CORP.

BATCH KILN TEST 4-
TEST NO685-003 DATE 1-10-85

100 10 WEIGHT % PASSTNG I

MESH MU-M 198 6 5 4 3 1?9 6 5 4 3 2 198 6 5 4 3 2

4.2 10711 7
A= AS REC. FEED SAMPLE

3.0 75000 7
B= 4761-3 KILN PROD.

2.1 53000 7
C= 4761-3 EXHAUST DUST

1.5 37500 4 A

1.1 26500 4

,75 19000 4

.53 13200 CB A

o375 9500 C B A

M=3 6700 C BA

4 4750 C

6 3350 C I

8 2360 C A 0

tO 1700 C A D

14 1180 C A B

20 850 C A

28 600 C A

35 425 C

48 300 c

65 212

100 150 C A

150 106 CA

200 75

270 53
-325 45
400 38

500 26
MESH MU-M 198 6 S 4 3 2 I2a • 1'6 4 5 4
IA+B 2A+C -AD 4 PT+C P r. +[I

7.A+B+C B*A+B+D 0--A+r÷+ p -B÷C÷n ÷=:÷4++
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'TEUE ANALYSIS ALLtS-CHALMERS
14ATERIAL SOIL 47A%'
SUBMIiTTED BY IT CORPF

BATCH KILN TEST
TEST NO.85-003 DATE 1-10-85

4= AS REC. FEED SAMPLE rIRIEtI AT 100 C
P= TEST 5 KULN PROD. 4760-2
* * TEST 5 EYHAIJST TIUIST 4746.Z

STEVE SIZE r D
EUIU.. ASI'M PERrfENTAGE PERCENTAGE PERCENTAGE PERCENTAGF
T.MESH .U-M nN PASSING nN PASSING nN PAPSINO nN PASSING

4 4,50 0.00 100#.0 0,0n 100,06 0.,00 100.00
* 3350 0.04 9 Q,96 0.00 J00,00 O.O 100.00
8 2360 0,6' 09.,9A 0.0A 99.94 0.00 100,00
tO I" 0.06 99,84 0,06 99,80 0.04 99,96
14 11|0 S 4,4 99,AA 0.17 991"• 0.09 99.87
'i A 50 i.03 Q.717 1.50 98.22 1,82 98.05

600 14,61 8 2 Q- 9.80 88.42 18433 79,72
35 425 11,21 ni,71 27.17 61,25 17t16 42,56
48 300 29.2P P2.47 34.9? 26,28 24.33 18.02
is5 212 15.4' 6,q7 19.15 7,1:3 12,27 5,76

100 17.0 4.20 2. " 1 31 1.7R 4.34 1.42
5 0 106 t.00 L.U 1.00 0,78 0,93 0,49

005 , 1, 1 0 4 41 01-1 0,22 0,27

!*1 1 0.00 o000 0. 0 A 00 0.00 0100
""2. 4" O,O A ,f 0.00 0.0 0400 0100

an0 -8 0,I 00 0.00 0 AO a 00 0,00 A.100
500 26 0.0A 00,A 0,0 0 00 0,01 0.00
PAN 0 1.15 .,0 0 0.00 0.27 4,00

A A B C •
94 PCT, SuZE ?LOO-LOG) 584, !,46, 404,
SLOPEi8O) SIZE TO $HALLE4T nATUH 2,0A4 :,.59 2,737
SPECIFIC 4PA'VIT3 t** YV~~ 4**
ESTIMATED SP.GRk, FR 40% VOIDS 0,0% 0,00 0,0
"1OtIS FFACTION $****4* 4ý *4 * *
OULi( WEIGHT (LFS'FT**31 *;i 4 W 4, *$4;*
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STEVF ANALYSIS ALLSOL-CHL,,E.S
MATERIAL SOIL 4760
9UB0ITTED BY IT CORP,

BATCH KILN TEST "
TEST NO.85-003 DATE t-i0-85

A= AS REC, FEED SAMPLE DRIED AT 100 C
8= TEST 5 KILN PROD, 4740-2
C= TEST 5 EXHAUST DUST.474o.2

100 tO E tJEHT I.' PASSING t .2

MESH JU-M 198 6 5 4 3 2 198 A 4 • 2 19 6 5 4 3 2
".53 13200 7

,375 9500 7

M=3 6700 7

4 4750 o

S1 3350 4A

1 8 ,2360 C1

10 1700 7

14 1180 7

? 0 850 7

28 600 IC

35 425 B A C

48 300 1 c

45 212

.00 150 I4S

ISO 106 s i

200 i5 s t C

270 51
125 45
100 is

500 26
4ESHi MU-M 18 6 4 3 tog AV 4 1 2 Ia 3

11A4B 2+A*C "•-A÷4 4-P+C - Pr 4f
7-A+B+C 8"A+D+D O0A+C+D 0-B+c+v +-A+P+r'n

16)



STEVE ANALYSIS ALLI -CHALHERS
MATERIAL SOIL 4760
SUBNITTED '[Y IT CORP.

BATCH K&ILN TEST 6
TEST NO.85-003 DATE 1-10-85

A= AS PEC. FEED SAMPLE DRIED AT 100 C
[= TEST 6 KILN PROD- 47&o-3
C= TEST 6 EXHAUST DUST, 47o.3

STEVE SIZE A B C D
EQUIV, ASTH PPRCEMTAGE PERCENTAGE PERCENTAGE PERCENTAGE
T.MESH MU-M ON PASSI0G ON PASSING ON PASSING ON PASSING

4 4730 0404 IAOAA 0,00 100.00 0.00 100.00
i3350 0.04 Q9c'6 0,03 99t97 0.00 100.00

8 2360 0.06 99.QA 6403 99,9t 0.00 !00,00
t0 1700 0.06 91,84 0.03 P•t92 0,08 99,92
14 1180 0.24 9,A•A 0.16 99,7A 0.16 99.76
i0 850 2.03 ".53 1,79 9T,9 t:n 98,20
28 6^0 14.6n 82. ? .0' 82.90 8.61 89,60
35' 425 31.21 31.71 34,18 48,72 21.91 67,69
48 300 29t29 22 43 30.91 17,81 31.33 36.35

25 .12 15.47 *o. 13.60 4.21 24489 11.46
100 150 4,C0 2.r# 3,2A 0.97 8.84 2.27

0so 100. Ib00 t,"' 0.58 0137 .,IOO 0.57
"-An " 01 0,21 0*16 0o40 0,12 -

53 0,00 0'..0 0.00 0,00 0100 0O0

.10 38 0100 0,00 0.00 A,00 0100 0400
500 Aa n.0ý.e. 0.0A 0.00 0000 0.00
PAU 0 1.15 0.00 0,16 0,00 0.12 1.00
ao pAT. SIZE IL0G-LOGý - [4 C 72

SLOPE80:% SIZE TO SMALLEST DATUM 2,064 3.029 3,341
8P'EC'IFTC G3RAV[TY **** **t*** *4V1**4
ESTIHATED SPGR, FOP 40% "OIDS 0.OA 0100 0.00

-4ULK WEIGHT (L[S/FT431 * * * *****$•



TIEVE ANALYSIS t4LLIS-CHALMERS
4'•TERIAL SOIL 4760
-31JBMITTED BY IT CORF.
T BATCH KILN TEST DS TEST NO,85-003 t;AIE t-I0-B5

A= AS REC. FEED SAMPLE DRIED AT 100 C
8= TEST 6 KILN PROD. - 7&a-5
C= TEST 6 EXHAUST DUST, 476o0-3

100 10 WEIGHT " PASSINGl 1 .2
MESH MU-M 198 6 5 4 3 2 198 6 5 2 198 6 5 4 3 2
.53 13200 7

-375 9500 7

A=3 6700 7

4 4750 7

6 3350 Cl

8 2360 Cl

to 1700 7

14 1180

20 850 "

?8 600 7

45 425 C I

48 1.30 C A t

65 12 C A B

ISO 106 6 ,

200 7$

-J70 '533
325 45
400 38

1500 26
MESH HU-I 198 665 4 5 2 i• 654 3 1-$ •
I mA+P 2-A+C 3-,-+c
74A+tV+C 84A+BD q=A+C+÷D ,•t÷C÷E ..4.+8+r ÷[
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zIEVE ANALYSIS ALLIS-CHALMERS
MATERIAL SOIL. 4761
SUBMITTED BY IT CORP,

0ATCH KILN TEST 7
TEST N0,e5-003 DATE 1-10-85

A= AS REC. FEED SAMPLE
R= 4761-4 KILN PROD; TEST 7
C= 4761-4 EXHAUST DUST TEST "

SIEVE SIZE A P C D
EQUIV. ASTM1 PERCENTAGE PERCENTAGE PERCENTAGE PERCENTAGE
TsMESH MU-M ON PASSING ON PASSING ON PASSING no PmASN

2,1 53000 0.00 100.00 V100 100,00 0100 100,00
1,5 37500 23.41 760,5? 0100 100.00 0:00 100,00
1.1 26500 000 0,00 0.00 100.00 0.00 100100
,75 19000 0.00 0.00 ,o00 100100 0600 100.00
,53 13200 2.53 74,0A 6,13 931$7 0:00 100,00
,375 500 5.75 68.31 10,14 873,` 0.00 100,00
M=3 6700 6.62 61,49 13.17 70t36 0:00 100100

4 47P5 6.92 54,77 . 3,4A ),9k% 0100 100.00

6 33110 0,60 49,17 8.R 48,08 1,77 98.23
8 2360 5.65 43.2 8,4P 39t61 3.43 94,81

10 1700 .174 q•,77 A,4"' 3,13 5,30 89,50
14 jte0 4,07 3;h71 5,r4 27,60 6.63 82.8?

20 8SM 4i.t 31,n4 6101 2I4,9 6,08 76.90
S 00 5.18 76.36 Aý77 14.82 9118 69,62

, 5 4, 0.00 12,27 56.35

65 2• 4,96 10. 1 (%0 0,An 18,90 20.,99

100 1t0 3;77 6.94 0.00 0.00 13s70 7,29

150 106 313i 3,61, 6100 0.00 sl. 2,10
700 75 2.38 11n4 0.00 1,00 t.44 0,66

A400 0, 0,00 0.00 0400
.05 45 0.00 0.00 0,00 0,00 0.00 0,00
40(. is 0,f ý .. "* 040A 0.0t) 0.00 0400

" ý 0,0 00 0 1,0 0100 0.00 0.00
1 1.24 0 6A0 14182 0.00 0.66 0.00

aý PrT. q1UE 1LOO-LOA, s 396'9, 16014
4L').•0% TO 05RALLEST OATUO 0,664 .,A31 I .41

A..~ VP SP' F05- 140 I PS 0 1C io
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SIEVE ANALYSIS ALL I S-CHALMEEPS

iMATERIAL SOIL 4761
gUBMITTED BY IT CORP.

BATCH KILN TEST 7
TEST NO.85-003 (-4TE t-!0-85

100 10 WEIGHT % F'Ac-!iJi,

M1ESH MU- 198 1 5 4 3 2 [98 6 5 4 31 %7. ,. a 7

4.2 10714 ;
A= AS REC, FEED SAMPLE

3.0 "5000 7
P= 4761-4 KILN PFOD, TFST 7

'2.,1 53000 7
I- 4761-4 EXHAUST DUST TEST '

[.5 37500 4 A

1.1 26500 4

.75 9000 4

.53 13200 CD A

4=3 6700 C EIA

4 4?50C I

S7350 C

a 236) r A

0 t•O0( C A 0

14 118,3 C A E

)*) 85,4 C A B

48 3 0 r)

65 212 Jr

l50) 146 C

797

70o 5•

400 39

"IWS84 mlU-M lOB 6 5 4 ? 2 ' "

.7=A+÷9C A + C' Il (q 4 n .4rv



.ANALYSIS ,'LLIs-rHALM4ERS
MATERIAL SOTL 4's&ýC.
SUBMITTED BY IT CORP.

BATCH KILN I1E1
TEST NO.85-003 DATE 1-11-85

A4 S PEC. FEEt' SAMPLE FRIED AT 1,54 C
tTLFST 8 KILN PPOD,

C 47AI-j TEST 8 EYHAIJET 1!9ST

F1[VE I-FE A B C D

EOU I ti. A PEPC74 F E C AGE PERCENTAGE PERCE11TAOE PERCENTAOF
S, hE&H .MLJ-; ON pASsING DOH PASSING4 O. PASSING 1OH PASING

53 49 000 8) ,h IV .* 811 A 0,") VK.,C*
•7 9O0 4,41 P&, V .. •A 95, A4 0. 00 i,

-7-, 3.04 &.4.4 7 .t 44 0 04 qO6!4 *4'$ 1' " t? •,,A? 1I• 3)2 0.0 i"-.'n?
$A6 A42 '3 54.¶ 1I3~ 1

it) 2.52 5tI .57442t 4Z

1 4 17 "0 4 4 4"

jA 4K 4.'' 5i 4Z3 A t' C 4,4

4,A

e.0  5 4 3n 0

hs.T ' t- *". 3. -- 12 iW':0 1O,•*

P 41•*L' 1E)T .. 3-• AT•f) e,$," "$

SLOPE TO~ 51t H~ SA ,LLES 1;fTA T U~i 1 -24-6 2-6 1~
YC I~ C ?AVI T7; sIjt* Is.s si

-,TL( EDOH SLt. FW3 44*$ Or.$~ ! 0.44.1
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SIEVE ANALYSIS ALLI -£ HAL P E F
MATERIAL SOIL 476S
SUBMITTED BY IT CORP.

BATCH KILN TEST d
TEST NO85-003 DATE 1-!t-;5

A A S 4. REC, FEED SAMPLE DRIED AT tOO C
* 47?8-1 TEST S KILN PFOD
i> 4768-1 TEST F EXHAUST DUST

I¼ [ 1,0 WEIGHT V PASPTN' I.2
MESH hU-il 198 6 5 4 3 ' IQR 4 5 " 2 jQ$ 54 2
-75 19000 7

,53 132C") CI

,3'5 950 CPA.

M=-3 $74•0 CBA

4 4750 C VA

6 3350 C BA

8 2360 C BA

10 1700 C I

14 1180 C I

o0 050 C I

28 600 C 1

' 33 425 C AD

48 30 C AI1

150 106

3125 'it

I~ P
t.4A4P -A-C F4 C4C P

).73



3ZEVE ANALYSIS ALLIS-CHALMERS
MATERIAL SOIL 176&E
'UBMiITTED BY 1T CORP.

BATCH VI!.A TEST I
TEST NOe5-03 DATE 1-11-85

AS RFEC. FEED !.AMFPLE ORIED 4-T 10.A C
B= 4768-2 TEST 9 KILN PRO.'
V 4768--2 TEST 9 EXHAU.T DUST

".R.!E VE 4::10•E B 12 D

* EPUIV. ASTH FPERCENTAGE FE.RCENTAUE PERCENTAGE PERCENTAGI.
',fESH U-h ON PSBING ON 'PASSING ON PASSING ON PASSING

.5 19.00., 0,00 0.00 0.00 100,00 0100 100400
... _ 3.-,.. 7 3t 0 .40 0.94 9,06 ,0.00 100.00
,'5 Q500 4,41 88, O 0.66 98.40 0.00 100,00

67., 3,04 .150,4 2+-9 95,81 0,00 100,00
4 47'(, i2:. 3. 72 ,69 1.,.28 3 . 080., 0 100.00

.. ,,46 6422 Q .62 69,91 2.16 91 ,84
2366 1,5A !,5&A ... , 61.20 1428 96,56

10 ..00 1.02 U 4:36 56,84 1,28 9?.28
:14 1180 ,." 54 ,1,' 3:36 73;48 2:08 93.19
20 850 2.,50 5t,5 3;76 49.72 2.68 90,52
2* F 600 4451 47,01. 6, , '7 42,76 4,11 86441
15 4.25 4,95 40,06 10,11 32,65 5:.37 81,04
48 300 ? 11. •Y2! 1.1,62 21.0. 10,71 70,33
65 212 11,01 1",94 12.74 8,29 29,38 40,95
100 1Q0 7,37 10,35 5,98 2,3•. 20,99 19,96
150 tO6 3.84 6.74 1i68 0,63 i.2,69 7.26
200 75 3.06 3,67 0,'3 0.26 5481 1.41
?270 53 ;),00 i,.00 O ,0 0 000 ., v,00
* 25 4. 0,00 0 ;, O,00 0,00 0,00 0.00

: 38 0.00 0.00 A ,P0 0.00 0,00 O000
!50 2.. 0,0 o, 00* O 1.,0 0,00 0.00
PAN 0 7,67 0.00 0:26 (,,00 1,41 0,00

A C
V) PCT, SI',.E (LOG-LOG) - 5862. 4364, 412,
SLOPEBO. SIZE TO SMALLESr DATUMi 0.707 1,413 2,369
.;PECIFIC 3'F'A0IITVY **'**** *.:***** *******

,STi-,ArEGi 9FPOR FOR 40%, tOlDS ,C,00 0,00 0.00
0010!:'S FRACTION *::'**' **:*4• f**+
BU.GLi: WEIGHT 'I..P'/FT*'3 V**'*:*:* **;4.'* ;.*****
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LQ..YE ANTLY£I 3 ALLI S -HALHERS

-MATEFRIAL S. 0l.. 47.£
. UBEIMI TT'E1 E'( IT CORP.

E- ATCH KILN TEST
TEST NO.85-003 DATE 1-11-85

A= t.3 REC, FEED SAMPLE ' RIED )T 100 C
'8 47,-?,P-2 TEST 9 K,,L 'i PPOD,
j 4-68-2 TEST Q EHAUST DUST

100 .10 WEIGHT " FASSTI.I 1 .2
MESH MIU-M 198 65 4 3 2 198 6 5 4 3 2 198 6 0 4 3 2
:7 . 19000 7

,'; t 3200 C.'.

"375 9,0 0 C bA

'. 67 6P00 CBA

-5 4050 C B A

* 6 .360 C 1A

.. ,. 1700 C 1.

1.4 1tBO C t

'?0 850 C I

-3. 425 C A F

0. C

*': 2 2 c. A B,

tO4 150 A. A S

.1,50 .06 2

"79,"A " S

"2 0 5" "3

*) 276

%00 2,6 * '

ME F H MU--" t1 .> 6 5 4 "9 2.i8 6, ) 4 'A i•s 6 " 3 2
: , I• 2-A+C +- ,D 4-F(+C 5- .P .C

"+ " ::A+B+D -1 A + i7 + .C+E' +-A+B+C+:



OIEVECMAIN '. TEVE+H.A t 62 0,0000,n0 00002450

SIrVE i., 1-4,L. Y- IS ALLI. -CHALMERS
MATERIAL SOIL. 4?76Z4
9JBMITTED SY IT COPP,

BATCH K•ILN TFST /0
Ir'.T, NO0- .ATE 1-11-85

,.. AS REC# FEED .AMF'LE DFIEC. AT 100 C
B 47"8--..3 TEST ' 0 ̂KILN 4P:RE,
410 I,..t SI l* .IT

I "'E VE SIZE A B C D
ELQU IV, AST'll PERCEN!TAOE PERCENTA0E PERCENTAGE FERCENTAGE
TMESH mU-m ON P'A -S." I t 11 G ONf F'ASS I8 1G 0H PASSING ON PASSING

, 19 i000 0160 10,.401^ 0.00 100.00 0.00 100,00
153 1320() '.,51 P2.49 0:87. 99,1: 0.00 100.00
,3 7 1"., 9 500o 4 4.1 88.0 3 ...' 16 95,88 0400 I00,00

M ",'0 3.04 85.04 2,48 93,40 0400 l0O0,0
4 4?7,5•C, 12.;A -2.,8 13 2 T48 0400 100"0.

.3.50 8,46 ,6422 1....2 ol ':39 97,6123 ...... ,7. 6 •9 f 9 95,22
0' I:•?,' . 2 ',6 1,4 4,66 ,1i171 2,02 9 3 .2 0

14 19S.O " 21' I.'. 0 4.J 47,18 1,17 92.03
' 1.15 0 .15 .t 4,90 42?,6 1001 90.99
I S 6 R t, A0 34,08 2.30 88,70

9 5 40,0" 10 90 23, ts * 11 83.58
4 3(0 '7, , , . .,1. 12 ý 66 11,73 71#86

` .. 4 -.3 43 29•78 42,07
I,. I ,:, ' 1 C. ; 0. , 69 24.34 17#73

0' ', 4 ,, 0,33 12o62 7):l1
3 p 0 1 1 15 41 2' 0,84

0" t 0 0: 00 0 .00 0 .00
4 .. ;00 ,;01A', n o,,. 0,00 0,00 0,00

8 0 0 (10 , 1 00 Oto':,,' ?• ,; ,': ' '., ,O 0 • 0 0 O 0 O0100
;:',:N .' 7 .::":' '; ,0 .'' " 1L5 •'":''.) (":84 ' 0 O0

80 PCT. T1F L, Or:',,-LOG) 5 '862: 4816# "84.
0 E fE TO0 SMALLET ri-TLI? 1471 *V.0 21/7-36

i3 E C TPIF C C3 SI T Y *&*:** ***
".:"T TMAATED SFP .F:, Fo(FI '.1% VO] DS 0,06 0,00 0,00

"LWIs FRACEION ******* li.,'**** *******
R~ULK WEIGHT (LEBS,/FT*1'3) *4**4*:* *4*:4$** t4**l
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MATERIAL SOIL 4762
SUBMITTED BY IT CORF'.

BATCH KILN TEST /0
TEST NO85-00 E4ATE 1-tI- F';

A= AS REC, FEED SAMPLE DRIED AT 100 C
B= 4768-3 TEST 10 KILN PPOD,
C= 4768-3 TEST 10 EXHAUST DUST1

:'0 10 -WFIGHT % PASSIi, 1 .2
* MESH MU-M 198 6 5 4 3 2 198 6 5 4 3 " 1% 6 4

,75 19000 7

S53 13200 Cl

.375 9500 CBA

H=3 6700 CBA

4 4750 C BA

6 3350 C I.

8 2360 C I

t0 1700 C AB

14 1180 C A B

20 850 C A B

"28 600 r A B

.35 425 C A B

48 300 C A

"1; 212 c

100 150 C A

* I ,:•1.50 106 A

'200 75 C

2,"o v 53

" 325 45
400 38

"500 26*
MESH MU-M 198 6 5 4 3 2
1=A+B 2-;A+C 3-A + D 4 ,B+C -. r ' C +
7-A+B+C 8=A+IB+D 9.A 4. C + -o1+C(+rD +,-A+ B+C ,-,
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:.EVE . ,ALY:.Tv ALL . S- .H AL ERS

Ni .'i ERF AItL SCIl. A"7:6
9U8?MITTED 1E", fT CPFPF'.

BATCH IKILN TEST II
TEST NO...5-003 DIATE 1-11-85

Az: AS REC, FEED SAMPLE UiRIED AT 1t6 C
Ba TEST 11 KILN PROD, 414o-O-

0. TEST W. EXHAUST 0UVT n474O-4-

SIEVE SIZE S C cl
FQU"), .ST F ERCENTAG' E PE.RCENTAGE PEFRCENTTAGE PERCENTAGE
I . MESH ilU-M 04 PFAS S tiNG O FNAS S I NG0 ON PASSING ON PASSING

4.."W. . r 0100 l .0,00 0:00 100.6071 r"-., " 1• .' ̂ =. '.1 . 6 6,,i8 5', 92 O0 r0p 99',91

230 010A QQ, olps 99.83 0414 99.77
10 1700 0,06 P'.24 .. 4 9P 79 0.,.,9 99, 68

14 11. 011 1 . A .... ; : ; 9 7,23 0,40 99,39
129 83 2.'.3 Q7107 -,1 12 7 .2Z 0.34 9 ,0
2:! (3 too 14.65 8.- * 2, 1"? •404 132,•.31 10,70) 88,29

45 425 31 ,1 t5.71 27.,08 ",-23 38.R 0.,20
300 29..2S 22,41 28.99 26,24 33,41 16,80

s 0.? W"347 6.0 7,Q0 8.34 12o26 4,54
300 130.1' 4 20 2, .. 7 3, 5'9 2,70 2,9,5 1,39

W.50 106 1 .0 W7 L,27 1.,48 0,91 0,68
""0c * : 0,62 31 0.80 0.68 0,41 0,.27

17 S 10 11 A0 0100 010 10325 '5 0,00 010 0100 0. 00 0400 0

400 is 0.00 0..0 0 ,00 0, 0100 0,00
500 0l.0 0400 0 0400

1,00 ,.0 ;.:8 ,.00 012 0.00
:, C B

"" C `3 F1. * .7 [ E ,L.Q(13-LOG -0 G584, . 8 5,6 5
.OIE, % SIZEi. LTO tHJ ¢7 ,TUM 2,064 2,322 24814

1FPECIF"C GRAVITY :(,'*** *4 $ l:,* : 'It'V*'
IEST ,IMATED' S'R. FO ' F 40% 0 ,,o 0. 0, 4

,' [ PS. F'RAC 1:ON ' ****1'
lL'.,; WE IGHT L. *
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"9TEVE A{NALYSIS AL"LTS-CH'"°"=
MATERIAL SOIL 476C,

Si..•IMTTED BY IT COrPF.
BATCH KILN TEB.T I

'E S T N O . .0 - ' .B 5.

AS REEC. FEED SAMPLE DRIE, AT 100 C

B= TEST II KILN PROtD, 4760-4-
C, TEST II EXHAUST TIUST,4-Th0'/h

100 10 WEIGHT 7% PASSI 1

MESH MU-M 198 6 5 4 3 ' 198 A 5 4 3 198 6 5 4 " 2

'73 13200 7

o37/5 9500 7

M=3 6700 7

4 4750 7

0 33() 7

R 2360 7

10 1700 7

t4 1180 @'

20 850' 7

28 600 7

15 425 B2

48 300 B A C

65 212 c A

100 150 . C

* .i 5 *0• 'V::

"00 r
-101

* 270 53
,'325 45
40') 38

r;k 26 4:
N .ESH MU- N 198 6* 4 . 2 198 - ' , " . 1% 6 5 , 2
S,-,A +VD 4 ..r+ - +-C + r

7"A+B+C BUA+B+Dl 9-A+C+D ' ,-2+'-+ +Ei +-A+ '+ C.,. +
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Dynamic Angle of Repose Test

Company Name IT Corporation

Test No. 1

Test Date January 9, 1985

Test Apparatus Size 38" ID x 10" Wide

Feed Material 4761 As Received

Feed Moisture (t) 6.5

Test Apparatus Speed (rpm) 0.82

52" Mobile Kiln Equivalent Speed (rpm) 0.6

Bed Loading 7t) 7

41 8

39° 0
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Dyna*ic Angle of Repose Test

Company Name IT Corporation

Test No. 2

Test Date January 9, 1985

Test Apparatus Size 38" ID x 10" Wide

Peed Material 4760 As Received

Feed Moisture (t) 1.2

Test Apparatus Speed (rpm) 0.82

52" Mobile Kiln Equivalent Speed (rpm) 0.60

Bed Loading(•) 7

440
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Dynamic Angle of Repose Test

• Company Name IT Corporation

Test No.

"Test Date January 10, 1985

10" Wide x 38" ID
Test Apparatus Size

Feed Material 4768 As Received

SFeed Moisture 6.4

Test Apparatus Speed (rpm) 0.82

52" Mobile Kiln Equivalent Speed (rpm) 0.6

Bed Loading (t)7

T 0 i400

NOTP.: Material did not turn over in kilni. lied slides on kiln wall.
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Dynamic Angle of Repose Test

Company lNae IT Corporation

Test No. 4

Test Date January 14, 1085

Test Apparatus Size 38," ID x 10" Wide

Feed Material 4760 (Tests 3, 5, 6 and 11 Batch Kiln)

Feed Moisture (t) 0

Test Apparatus Speed (rpm) 0.82

52" Mobile Kiln Equivalent Speed (rpm) 0.6

Bed Loading (t) 4.42%

NOTLE: Only 12.25 Kg available for test (16.66 desired).
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Dynamic Angle of Repose Test

Company Name IT Corporation

Test No. S

Test Date January 14, 1985

Test Apparatus Size 10" Wide x 38" ID

Peed Material 4768 Test Product

Feed Moisture (t) 0

Test Apparatus Speed (rpm) 0.8_

S2" Mobile Kiln Equivalent Speed (rpm) 0.6

Bed Loading (%) 2.54%

035 Before Slumping

~33O After
S lump ing/

NOTE: 9 Kg available for test (16.43 Kg desired),
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-- • O -..'.- .-........ ..... ... ..... . - .. - . . . . .

-Z AL"''+S" 5-5"'; 9"'M G.,d.JT. •;MM 'LLd "•i - ."31".-" 'G /1'iIN•, ", (d TA'A ''1".'00 .........

-N.NUJPILEd OF DATA P0Ii'S "- "-•............

CALCULATE DATA :

TEMP DELrA Y D E TA Y E H "Tt.--p-t AT

D 6G.C AO IN. SA'1P tN. INST.CONIT KCAL/KG-C KCAL/KG KCAL/KG
-- 5-.O .1• .3 .. i.; . ....T-147 e ciY 0 .......... 0.o .... ..

,,50.0 4.13 5 0.9572 0.012 4.3624 4.3A150,0 4 1 ;3! '5 59 14
.. ...... . . ... ..5 .'0 4., • +•' ... ....•; 0.;35,' 7.. .. ..... a" ioi .. . . 5a:14"17 . .. . .. 9.50) .. .

Ifo0.0, 4_ 62. a4, 0.9349 0X21";1 5.'3154 14.82 2

4 0 b.
150.0 4.9S•, , .. . 7 .0223•1.1 5.5291 25.78

-1?•0 _o- -- ... .- ... " .. ••,•;,. ....... .Ž.•($Ž "5•V3 4 ...

203.0 5.24 07 0.9297 G. 2.2332 5.?675 37.19

7 3•i''49. .7. ?.4-'5 3s---. -7 - -- 43-••.-..3
, 0.9244 0,2 7 -6.0024 •49:04

I'ss0: S. 56 8
$00.0 '5. 64 Ld4 0.9244 0.1946, 5.2027 60.08

350.0 ).dZ ?.1 0,9171 0.1473 3.9113 68.49

7b 1.6. -. 554 378407Z2

&0.0 6,05. 20010? 0 llr, 0,,17c,747 4,1?o4 76.40

450,0 6008 ?...Q•. o.r76 0.1876 4.61Z2 85.47

500.0 6.16 z 0 s,07Q 002327 5.430o 95.76

S016 01 z61 6 48 4.i1 101.91

1600t.Q046 0.2634 7.9?233 124.72
'-' . ;;••7 7 "....,' - ....... 3 , .
6ioeo '.) .1i, o.qoii G.?'71 6,•7149, 13,0.6

HIKG=¢ PSAfhpPDELTAT,,CL/&.,O EVJ. C ......__

cP.L203Ml.'t239bI.1!IE:! 5 .).29519OE-4T " 1.07.•57t E-6(.*tZ) -

'I

~~ .. ......a . . -- .. . .- - . - ..

I ,6
Y17 

__________

-.- it o 
-i-W-1RS

i C

31f 188'6 fPAL COt C.
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IUT DATA0

WTfAL203 5-9.77-1MC I W-7-,1SAMPLE 2i.53 'AG.oHR 2O.DEG.C/KUN.o DFLTAQ 10

N=NUtMaER OF DIATA POV-1S 2

C ALCULATE DTA,

TMP DLAY )L JiAY r E CP H TOT* HEAT -

D~ti.C A3V 'A;IP~ IN. 1;ýST.COIJST KCALIKG-C KCALIKG KCAL/KG
25.0 3.183 1 J.J 1.16S2 0.11%,A4 0.0000 0.00
'50.0 4.13 1.74 0. 5? O16a.3 3.5S38 3.58

750. 4.42 1 115 0.9359i5 4.3018 78
1100.0 4.02 i.~ .'41 0:.179c 4.44"6 12.33

150.4 4.YJ I.'V3 0.1;397 0.11,40 4.5992 _?.1.45

176 5..I 1.9 of ......1 -4.63SP---e 2609
200.0 5 o 24 c.00 0 : 219 7 0.811 4.oQ66 30:70
-' ---- ~ 3 1.9' O.9349- -ý --- 4-7 O.1..- - . 35.s51
2 5j-. 5 .42 1.i 3 O~344 0. 1 F -ý 4. 6527 40.16
T'75. 0 5.5o1.1 025 .710446 45

303.U S_4 I 0.1400 3 .;7_ 48.45
0 $0Y4'Ž.~ .2-3 1 0.Q3 132551*2..... ..

350u.0 5.8? .13 0 0.171 0.0121 1 . .99.- 52.51
375.0 5 9 -0.94 0.9042 -0.0f63. -0*).6Ž0 51.5p.
1400.0 6.0) -1.71 0.3915-0i6 -3.01U5 48.55
425*0 6.07 -1.47 -3.616

S450.0 tb.Ob -0.5t 0.900c -0.05i16 -2.3304 42.5'0
475.0i13~~~ "'CF~03~ .4S O O 1 4o5

~j500.0 tb.16 1 .37 0.9075 0.1263 2 1429i 4.4..6 5.

55010 §.27 llý5 0;020 0).?062 4.6521 52.95

000.0___ o.32 op~? 0.9045 u...-U6 o.0754 65:47

650.0 ____13's 2.35 0.ý651 0.2101 5.3323 7ej.0s

CPSAMP=00*E'*DýLTYS/ (WISAAYP*R),l(CAL/KG*t)EG.C

NH/KG=CPSAMP*t)ELTAT,-KC &L/K~.o)LG. C

CPAL203r-1.74398141E-1 5.3.,3951'ý(!E-4T -1.0735?42F-6(T**2).....--. .

41.17693296E-9(T**)-427C-1(*)

10
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IT CORP. P.OJJLCT "! , .. . , . , id PCT U?

"Tr NIorý f-D-A f - .. . . . .. . .... .... ... ....... .......... ........ ......... . .. .;

"WTAL203 59.77 MG' WT 1 '.SA .- OtTAQ;00.. .

N=NUMTER OF DATA gf OINTS Ž,

CALCULATED OATA .

YEMP DELTA Y DYL1A Y ECDP H TO EEAT
DýG.¢ AO IN. SAii1 IN. INSI.CONST KCAL/KGi-C KCAL/KG KCAL/KG

25. 0 3.1d 0.00 1,.16S 0, 00 . ...2•~ -i0; ... ....

50.0 4.13 I.•O 0.9522 0.1709 2.1363 2.14
75.0 4.4, 1,42 o.901 9 o.l•5 4.4297 ... '.--..7 -............

100.0 4. . o2 1 -- 1,,•# 349 0.17,:;1 4.5199 11.09
125.0 4.a0 2. 14 o, 311 o .

150.0 4.93 .945 0 .q3;i7 0 9 7. 0049 20;17
1/5.o 5.0? 1 .:31 o.,3 8 o. 16'7 4"i99 •4.4

2OQ 5.24 1 . $1 0.Q297 0. 16~ S 4.2229 28.87
225.0 S.S2 1 . .2.5 0.-934 ; . J.--.13 4.11b6. 3".98

" .0 5.4 1.19 0.'44 0 .i.936 3.935 , . 36.92
275.0 5.5b 1.DO 0.9253 012 77 355
30J.0 5.o4 U.163 O.q,49 0.10e0 ?.9211 43.36

325.0 5.72 1 .4 u.;3 4.~Ž . 15-46.3
5.d2 0.#f3 0.ý1171 U.O79e 2.o65 , 3 48.99

375.0 5.. O U.. 3 0.904. 0.0716 1.9.01 50.97 ...

400.0 o.05 ,u."4 0.•'•5 0.1042' 2.2855 53.26
425.0 o.47 I . 01.0,026 o I •• ,, "-4 - "
4 2 0.907c 0.1403' 3.357 59.52

S475.0 0.13 -.C6~ hi~ ~ 61
S SUo.0 6.16 1.-11 0.4075 0.1•41 3.92a4 67.08
5 " .0•- 1.4-1 .T•..'.. .0.17,0 '.. 6.37 71.3
55U.0 6.27 1.• 0.9020 0.1943 4.o404 75.99SMso 0,30 i .• .. o;••g •2O• .... s 6"64 --- •O
6U0.0 . 1.7L 0.9045 0.:23" 5.4110 86.46

650.0 6.3d 1:.bi 0.9051 0.2349 5.87Z0 98.05
16**-----6.40 -70-6-T65 7.218 8 -""--103 0-0

: -E'= t- KT.AC O'3-*HiR*¢-A'L/- (0 {) "* • E'LT' A')"r'1• C TA'L /-S'EGC•DE• €. ............ ..

CP$SAM=Pc6OE*DELTY$/(WTSAMP*HR),KCAL/KG.DFGC

H/ Ka=CP SAMP* DELTA T, KCAL/IK K*UE C _

; CPAL20'3=1.?2398141F.-I + 5.341951QMr-4T - 1.0735742E-6(T**2)

;~ -ii •& -- -''-ii• -''T ' • w-•'-l (''T --.. ' ... . . .................... . ...... . ......

. IIi10

'a I1 9 ....................................
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Annex 5

SANALYTICAL HETHODS FOR : 37.8-TC|)D

SA SAMPLE PREPARATION PROCEDURES J AR KETkIOU

"5B SAMPLE PREPARATIOlN :PROMDURES - SOX)WIT .

SC AMALYSES PROCEDURES

5D STANDARD. VERFIf ICATION

NOTE: THESE ARE REPRINMTED AS (S'ED
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Annex SA

APPENDIX A

SJ4PL.S PREPARATION PROCC2URES ROR DIOXIN 1.4 SOILS .JAR hETNQ0

1.0 SMW4AY OF IMETHOD

I.. Soil and Sediment saMpleS are extracted '01th a MwthinOI/Iiexan mixtu~re
u I lng a jar txtrac~ion ;jc~hniou* after Spiking the sample with3'Cl&-Z,3,7,8-TCCD and W"Cj 2-2.3,7,8-TCOD. After filtering, samale
cleanup procedures are followed before analysis by GC/MS is performedz.

2.0 REAGENTS

2.1 Spiking standtolm solution (contains both internal and surrogate
standards). * 1 -I.3,7,8.'.TC0 internal standard at a concentration of
500 Mg/ml andl 3'14.Z.3,7,8-TCDD surrogate standard it a concentration of
100 ng/ml, both in the saw hexane solution. The standard tO nuover is
368:32-IFS SOIL. GC/MS IS mixture is prepared at a concentration of
200 ng/Ml in isooctanea.

2.2 Sulfuric acid (concentrated); ACS grade; specific gravity 1.84.

2.3 Potassium hydroxide; 20% aqueous. Prepare by cautiously adding, with
stirring,. 200 g of potassium hydroxide pellets to 800 ml of
distilled/dioniZed water contained in a beaker in a cold water bath.
After the potassium hydroxide has dissolved and the solution Is at room
temperature, transfer to a plastic bottle.

2.4 Metftylente chloride; pettiCide quality or equivalent.

2.5 Hexante; pesticide quality or equivalent.

*2.5 Methanol; pesticide quality or equivalent.

2.7 toluene; pesticide quality or equivalent.

2.8 Sodium sulfate; ACS, granular, anhlydrous. Prepare by a 24 hour methylene
* - -chloride extraction. After preparation, store in in oven maintained at

2.9 Silica gel; type 80, EM reagent. 70-220 mash, or equivalent. Prepare by
soxthlet extraction with methylene, chloride overnight, dryings and then
activating in an aluminum foil covered glass container for Z4 hours at 1300C.

*2.10 Alumina-neutral; Fisher brand, 80-200 mesh, Prepare by toxnl~t extriction
* - with ftthylene chloride, followed by dryinq and then activating, in an

aluminum foil -covered glass container for 24 hours at 190"C.

* .11 Sulfuric acid, impregnated silica gel, 40% w/w. ',o prepare, aa41 two
Parts 1,100 g) Concentrated Sulfuric acid to three Parts silica gel
(300 g) contained in a one-glass liter bottle equipped with a Teflon-
lined screw cap. M4x thoroughly with a glass moa until no lumps are
visible. Label the bottle with "Sulfuric Acid . impregnated silica gel'
and 'Caution *contains concentrated Sulfuric acid.'
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2..2 Sodium hydroxid moaifiet s11ica gel, T31. w/w. To Prepare, add 1 oart t.M
%tOH to t•'o parts activated silica gel cntained in a glass jar equiosoe
with a taflon lined screw cao. Mix thorougniy with a glass rod until no
lIuMs ar visible. Laoel battle .wth "fla0H - impregnat silica gel'.

L2.13 Crbooak C (acIvatd caroon) on calita; prepare. y thoroughly mixing
3.6 grams of Cartopak C (80/100 mesh) and IS.' ,rams of Calitsa 545 in a
40-ai vial. Activate at 130C for six hours. Staor in a desiccator.
CAUTION: Check achi new bacon of mixed CarboaK/Cel ite to onsure rC:3
Srcovery of > SO%. Suoject the low level concentration Cali3braton solu-
tion to the procedurt in 3ecion 6.3.0-6.3.2 and =asure the qu~nt~l.y of
labeled and unlabiled =arO.

3.0 C•(U"(0NS

341 $amles received for this -reparntlin procedure are of unknown cor-
poSition but may be potantially c€ircinogenic, autagenic, toxic or in
other ways hazardous.

"3.2 It is andatory that the initial weighing of the samples, addition of
isotopically labelled 2,3,7,8-TCOO, and mixing of .io samole, be per-
farmed inside of the designaztd dioxin hood, in the high hazard laboratory.

"3.3 Personnel involved in this sample preparation procedure should be
thaoagfnly frinliar wit1 laboratory SOP's n the processing of hign
hazarm Samples.

4.0 EQUIPMIEIT AND MATER•ALS

* 4.1 Elctri cal platform shakers.

44 500 ml glass jars (amber) with teflon-lined screw caps to be used on the
platform shaker.

443 Kutero-Oenish c.•oentnation apoanatuses, consisting of a three-ball
ucro Snyder column, a 500 ml evaporative flask and a lO ml graduated
Concentrator tube.

4.4 Mini vials (eactivlals); 1.0 mi. capacity with conical Interiors and
graduated at 0 ml ; eqipped with taflon-facd rubber septa and screw
caps*

4.5 concentration vials.. 20 *l screw top, septum 3saled, scintilation vials.

4.. Concentration device; nftrogen blowdown apoarstus, Organomaaion ano
Pieroe Concentration devices, or equivalent.

4.7 class filtering funnels, short stan.

4.3 Filter paper, Whatmi n J4 or equivalent.
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.. 0 SIhPU EXTRAV'C0N: Jar gxtracioat NOTT: Extreely wet samolas may require
Ctflrifuging to remove w•ell efore aWar ition of sodium sulfate. The liquid
will be min as A w•tar saiple (see water meod).

"5.1 Preare designa:ed dioxin hood &s insrtr'ucta in laooratory SOP for pro.
cussing hign hazard sammples. This includes cuining, preparing and
Wla ling the rcquisit• moer of S00 -i) jar's before plscnlg In the hood.

S4 .iransfer 10 9 of the saol or sedimet (wet weight) to a t•red 500 ai Jar
(_ ,, g weigned to 3 significant figures).

5.3 Soike the samole with 100 Wi *f spiking solution, Containing both intero
mal And sumrr.Ot standards, ading me solution 4t Uvr. sitlu& oever
the surfers of tlhe SAr7lS

5.4 Add M 9 anhydrous snoliU sulfate. Stir tft milure thoroughly with t
swua'~hss steel spatula.

"5.5 Allow tioe mixture to st•nd for two homrs, mix thoroughly with the spatula
and allow the mixture to stand for' a additional six hours, Mix the
saiple again, Insuring that no tips are present. During the period that
t Satpwis se., turf off 00 light In the hoo and Clam 3 9W hood sas.

S.5 Add 90 al of ethano•l, stir, and add no at of hexanG. •move •a t. -
%Ulfa While rinsing it With h•*x'a,

S.7 Place othe extration jar Containing the soil, Sodium sulfate, 0ad
solvents In thIe shaker and Shake for at least 3 hWo'S.

5.8 After .4e three hour snaking period, turn off tuil sakar ad Allow LI
solids to setite before proceeding,

5.9 bIto the %O0 of a $00 iA X flaik, eantr1 a glass filter funnil ctiaIntn:
"Biatm -#& fMle.r poer (or equivalent) rMnsed with fein e.

5.10 Carefully dacant the extract through ;he filter ftonel, 0si14 a stlinlesA
steel spatula O facilItate ath transfer procUs.

5.,,1, Mime the Inside of the Jar and contents with hhame, using the Ipmtula
to aix the hxLene with the s ol1l Material' PinAng Inf the Ieker.

541 Decant the washing into the filter funnel, using the spatula to feWili.
tots the transfer.

5013 COncentrt the extract Volume to doprozinitoly 3 It with a
Eunerna.Oani sh aepauste.

S.14 Transfer the cont.ntratud extract to a 2O ml scintillation vial. Rinse
te evaocr•tor flask wfth thre•e al portions of hexane; transfer eac.
rinse into the scintillation vial. ourirg thesi transfers, evapoate the
solvent using a gotle stream of dry nitrogen.
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5.15 After the final rinse has been addled, rMeucs tne extract volume to

: approt tstilly •. ml.

D. .UAL COLUMqN c1wt-uP

6.1 Either the neCeSsarY coIiMS • Nave been ortoared and are in 4 drying oven,
wr -11 silica gel and alumina columns need optroration. If columns need
to be propare", obtain enough I x 20 = columns (for tue silica gel
cr-ms,) adt I x 30 calumns, for the alumina Columns.

6.5 Place a smAll Ad of glass wool in the ýQott of thte . x 20 = columns
and add T',0j of silica gel, 2.0 g of the M•aN tmorgnaled silica gel, . g
silica gel, I g of the 40, w/w sulfuric acid create silica gel and Z.0 g
of 07fif ;el. Wertly-tao the columns to allow the Contents to settle,
after eA= addition.

* 53 Place a mall we of glass wool in the bottom of the I x 30 t colunas
and add TTaf alTtfLv and a I = layer of sodium sulfate. Gently tap

* the columns to allow the content to settle.
L,4 Attach the s$1l ja el Ar4 al.•4na columns to lab supports so that tue

silica gel Colnt is ave the alumina colun and the lower tip of tlhe
silica gel cdlutm is inserted into the top of the alumina Colutm.

.5 RIms' both col-as with beame to rlvoe any air bubbles and discrd the

W4 t the silica gel an alkina colm., have stoppu• drinoing hexane,
place a caleow £rlmyer task under the alur4 col lumnacid transfer the
hempt mcmnrne oouine4 fmw stop 5453 vt tne top of cite silica ;4l
c0ol. RInse A t She 1scnI1a'on vial wi08 Z 1 0.5 1at •r•tr*Ins of' heUns
lit S1 tad e " IIIS. -tO up = of the silica ,ýl Coluun.

5.4 A~sh the sillic P Colum c ,witit 1.20 MI of hexante.Addeo in aliquats 3y
momee' of a tPInu ' n o the slilia . iu.l Am" Caotn.:

11. lUsh te atil nfe Column by placing 11 Ml of fexafe an tne cchIt am AnG
*lttuntil0 the 'scen hat tr6ooed below the 10410m SAOfa 4 layte.
RUNe t". 0rleswe-r flask AMt MetaM (with 4ultsmm toll CAD) Until
direta are 0w. to tdi $",I.

64. flceag cle, lacllat US *I Crviowyiw r fMOO under the 4aluia cluwi
&Wt 01ac #CA 90 of 9V. v1 -Vthytette tutridt In lroang o" the aiutinn
ciiluW, catcoing LUfue n ch ts;o the Irlewsyrfak

8 d.10 Pt ce th UnS frlewyr flsk on to Qrgencmetiln or ierce con-
t t "t , 0l01 apparatus ant e"Ca 0 v"ltot (f the solvent until .ass than
to0 Al of solv.•e.; Is' "sul, but 4O ot • ea•porat to 4'r10ei.

641 uatI~tatvely transfer the heasif tesenat to Iabeld* 10 ffl X40 Con-
ztflntof Wait. tints the £rleaeywr flasm wts ism l wt 1- t)..
PROMV4ofw iKname, sting the washeS t* tile K-OCconcantrato tune.
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6.12 Translfer thie K-4 cncentrator zU2s to the =Rcantration device and Can.
cuanrata the nuxane ertrac. :o aooroximawly 1.0 *I, using a geavle
Strom of nit-agen am heut if necessary.

6413 After in* 1.0 ml volume has ben owoained, rmove te K-C concantrator
"-tt ad cuatlitativeiy transfer tne cntlents of tue ]=-0 concantritor
tU.e to designated coNicai mini-vials. Rlnst tue cancentrator ube 't".h
Z X 0.5 ii! rortions of ftewe and transfer the washes to til emcncntrats,
vial. Came:. necessary pa;erwsr (See QA section.)

6.14 Stre *-einsaIne conentrsae in a freezer until Just prior to W~INS
analysis.

54,15 Con rtl:rtst the heazng to near dry"tss and ad 50 Ul of =00 ppb standard
of .3C. F. Return. simple •o• the roachtin refrlgerator.

i.0 AJCTVATh0 CM0SN MA-UP

7.1 Aflter';C/S analysis of samples processed through the dual column metho-
dology in Section 5.0, the :ossibility exists t.l4t certain matrices may
prouce indeterminable result:s* In such cases an activated car-ion column
clean-up teiMtique will be employed.

7.2 MbUaMn from the desiccator the activated Calite/Carbopak (from Section243).

7.3 Insert a mall wad of glass wool Into a nIalI (7 m 0.0. x 15 cm) diso-
sable pipet and, using vacuum aspiration at the Cointed tip of the pioet,
add the Cilie/Carbopejk mixture until a I o= column Is obtained.

" 7.4 Preare the Column by adding the following solvents/solvent mixtures in
t"%e designated aliquot sUies: (placie a lean I2 m. £rtemayer l'lasx
uider the column)

- 2 of tolus"e,
•a Il n/20/5 (vlv/v) metlylene Cnloridu/methanol/benzene.
a *1 60/50 (v/v) cyclohesane/Mothylene Chloride,S~~- 2. hi zaxne..

7.1 imen ith bottom of the hexane mnisCUS jus1 t touches the top of 1he
C.lite/Carbapak matarial, qumitntatlvely transfer the 50 itl of S Gle
arto the Colun.

7.5 lInse the oiple costainarwith 2 1 of1 lortionq of heane, adding the
rinses onto the clumIn. :

7.7 Sequentially waSh the ColumI with te following SOlventS/solveat Mixtures
in the designated aliquot sizes:

- I I1 go/go (v/v) cycloltxane/metnylenn clloride
1 1 75/Z/5 (v/v/i) mbthylente ch1erie/metlanol/bentne.
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7.8 Remove :he 1.25 .4i EIoenmeyer flask and reclace witfn a ConcanMtator tube
or Reacti-vial.

.7.9 flute the TCOD from the column with 2 ml of :Oiuane into the concentrator
tub* or Ructi..vial.

7*.10 Store the toluene sluent in a freezer until the GC/S analysis is to te
performed.

7.11 Shortly before the analysis, concentrate tie excracz to near dryness anc
add 50 u1 of isooctane for GeiMS analysis.

7.12 C~mpleta any poaorworli recul rements and store the Co"ncentrate in tie
ruech-In rMfrigerator (See Q4A section for exampies of paperwork.)

" 8.0 CAUTIC AND ACID EMANUP (OPTIOMAL)

8.1 Crtailn samples may require additional cleanuo before column cnremao
tography in order to achieve acceptable detection limits. -he followimn
is a procedure which involves acid and caustic waS•h of te sample.

S8*2 After stop 5.15 Is completed, quantitatively transfer zhe extract, to a
i25-41 separatory funnel.

8.3 Wash the extract with 30 ml l.t aque-us potassium hydraxice by shaking
for 10 ninutas. Lit Stand for 10 minutes and discard the aqueous layer.

8.4 Wash the ex•rac: with 2S mi of distilled deionized water by shaking for 2
"minutes. •let stand for 10 minutes and discard the aqueous layer.

8.5 Slowly add 50 fal concentrated sulfur•c acid to the extrect 4nd shake for
10 minutes. Let stand for 10 minutes and discard Ohe acid layer. Repeat
until acid layer remains colorless after extraction.

8.6 'WSh extract with 20 ml oistilled/deioniz-ed water oy snaking for

2 minutes. Let stand for 10 ainutas and discard tfie aqueous l4yer.

8,7 quantitatively transfer the orahnic layer to a 20-•l scintillation vial
and dry over 10 g anhydrous sodium sulf4ae.

8.8 Reduce the extract volume to approximately 1 ml.

8.9 Proceed to 4ual column cleanup If required.

S9.0 GLkASSWARE PREPARATION PROCEDURES

9.1 Rinse glassware with the last sol2ent used In it. Wash with '4ot water
containing detergent. Rinse with copicus amounts of cap water and
several portions of distilled water; drain dry. Rinse with flign purity
*1acetone and huxane and allow to air dry. When art, heat in i muffle fur.
n1ce to 4004C for 1 hour. (Volumetric glassware shoulo not be neatac in
a miffle furnace.) Remove from the oven onon czol; store lnverteo in a
clean wivironment.

S015O-S20
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Annex 5B

APPENDIX a

SAMPLE PREPARATION PROCIDURES FOR 01OXIN IN SOL•S SOXH.L•i METHOD

1.0 SUMNARY OF AETi4OD

1..1 11 sanules are Spiked with isotoi1cally labeled TCO. 0retreated witn I
N-.(4l for 1. hour am a dt aried. The 4ry soil is transferrod to a glass
sxnlet Vtionle and subsequently soxhlet extraczte with benzene for 16

hours. The extract is conCentratel and cleaned up Using liquid column
chromiatography steas. The oxtr~ct is analyzed by HRGC/LRM. for2,3, 7,8-TCO..

2,0 REAGE1TS

2.1 Soiking stand solution (contains both internal and surrogatestandardf). f.- -3,7,8-TCO0 internal standard at a concentration of
$00 nolm| P an T4o2.3,7,8-TCOD surrogate standard at a concentration of
100 ngiml, both in the san hexane solution. The standard ID number is
3M:32-IF1. GC/MS IS mixture is pregared at a concentration of M0 ng/ml
in isoot:an*.

Z.2 Sulfuric acid (concentsrated); ACS grade; specific gravity 1.84.

2.3 Mfthylnem chloride; Pesticide quality or equivalent.

2.4 iNxane; pesticide quality or equivalent.

2.5 ,-N HC1

*2.6 Santan; pesticide quality or equivalent.

2.7 Sodium sulfate: ACS, granular, an hydrous. Prepare by a 24-hour methy-
lame chloride extraction. Store in an oven umintaine at 1U*C.

2.8 Silica gal; type 60, IM reagent, 70-230 nsh, or equivalent. Prepare by
soxhlet extraction with *ethylene chloride overnight, drying, and then
activating in an aluminum foil covred glass container for Z4 hours 4t130"C,

2.9 Aluuinaneoutral ; Fisher brand, 60400 mush. Preparem by soxdlet extrac-
tion with methylene chloride, followed by drying and thlmn activating in
Sn aluminum foil-coveMrid glass container for 24 hours at 1900.

2.10 Sulfuric acid; impregnated silica gel, a401 v/v. To prepare, add two
parts (200 g) conewtrated sulfuric acid to three parts silica gel
(300 g) wotained in a glass liter bottle equiOped with a Teflon-lined
screw cap. MR thorougly with a glass rod until no lumps are visible.
4b1 the botle with 'Sulfuric Acid - impregnated silica gel* ano

"rautiUon * cotains concentrated sulfuric acid," date prIPared and •eron
pregaring the reagent. All information will be recorded In the lasora-
tory Standard nottoook.
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Z.11 Sodium nyaroxl4e modified silica gal, 330 v/v. To prepare, aad i part L'i
NaOH to 'to • an•s ac'.ivateo silica gel czntaineo in a ;lass jar eauiooec
with a Teflon-lined sc.mw cap. Mix thorougnly ,in a glass rod until no
lumps are visible. LAoWl oov*t witrn "N'OM - imprtgnacea silica gel,*
date prop•ero and person preoaring tme reagent. All information -mill ae
recorded in the laooratory standard notabooK.

2.12 Carbopak C (activated caroon) on Colita; prepare by tZ:rouFgfy • nxi•
3.5 9 of Cartopak C (80/100 mash) and 16.4 g of Celita 545 in a 40-mi
"vial. Activate at 130*C for six hours. Store in a aesiccator. CAUTION:
Check each now batch of mixed Cmooaik/Callte to ensure TCOa recovery of
> SM. Subject the low level concentration calibration solution to :-.A
procedure in section 6.3.0-6.3.12 and measure tile quantity of laoeled and
unlabeled TCOO. Label bottle with 'Activated Carbooaa/Celite.TM date pr•-
pared and person preparing the the reagent. All information will be
recorded in the laboratory standard not•nook.

2.13 Potassium hydroxide; 201 aqueous. Prepare by cautIously adding, witn
stirring, 200 g of potassium nyaroxide pellets to 800 ml of dtstlled/
deionized water contained in a beaker in a cold water bath. After the
potassium hydroxide has dissolved and the solution is at room teipers-
tures, transfer to a plastic bottlle.

e 3.0 CAUTIOMS

3.1 Samples received for hiis preparation procbdure art of untnown corn-
position but my be potentially carcinogenic, muitagenic. toxic or In
other ways hazardous.

*3.2 It % Infuaeory that all handling of noi a•les be perforu InsieO of
the digated dioxin hood in the fhip mazara laboratory.

3,A Persomel inwlve" in this Semple priparntion procoeirt saould be
"thoroughly familiar with laboratory SOP% on the processing of Mign
hazard saIpls

4;.0 0�tUP•NT £1o VATERIALS

44 •alas soilet system with g2las t-limOles.

4.2 mut~ing saftles with tessratur'e central.

&43 4Min.Ofnleis concentration aparstuses. consisting of a vhret-Call
m.cr" Snyder wolum. a S•i.,l evaporative Max, end a L0-el raIuatead
concentrator Wue.

4.4 1nl vial$ (rec.ivials); 1.0 at. caoacity witi conical Interiors and
Iurauiat at 0.*1Il; equipped With Teflon-f¢aco .uaolor seota iam screw

4.5 CMIcentretion Vials; 20-0 trw t oo. septum $seale", scintillation
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4.6 Concantrsi•ton 4uvica n:rogs" blowmen aooaraPus, organomtlon ama
erues concentration aevicS, or' equivalent.

1.7 Glass filtering funnels, snort stI.

4.8 Filter acoer, dAhatue No. 4 or *quivalent.

4.9 Filter •aor, 'Matman 1. 2 or equivalent.

4.10 Bucnner funnel set u0.

5.0 S5NPLS PRIPARATA.0 AND EXTACTt0II

?Sol Preare , tsignatta diotin ftood as instructed in laooratory SOP for prac.
easing higp hWaard woles. This itnclue$ obtainlng, Preparing ina
labeling t.le requisite Mner of soxmilet system.

592 weptt out 0l of soil into a 250 *1 Wor jar And spite vita 100 vl of
the toternMl/suuaPoate Itaurs.

. Add 0 Ml of l- 01f to ule Jar and & e OR a plafarn "eOr for I

S.4 Pour the soil/acid wturt. trhough a Wen'ner hPotnl Am M4utrallitz e
tail by pouring 30 al Dtstilled watar tlPoup L . FuNni. All;; the

%a~lt air drY fro 16 .4ours.
u.5 Pinse a smil mout of silica got if a glass extraction wiIowt.

I'S Carefully otransfer the "~ susie into the extraction thiiels. Cýrge
the mses lt esrctmo with fresh w"Mie am s let eGattc. for 1I

a.? Concentrats "otue emr. Volume to woftnimtely S al with a X-0
* acparstus.

UJ TPMrsfe thle CAensrteltad e4XtpCt to A 204 1 ScinR111tlato v*il. Rlns1
the @vew te' flask witA thee 5.. portloes of huuau; trlaWfor e44CI
"040e Into this seintillatioft Viet. Wring tiheta transfers, eeasomae the
solvent Osio's A 9MIS scam of "r 01troges.

.9 After the 14" 6 ne ings us eow adi , ,ruce tfe wrat't Vluft to
daiftemaiisly I W.e

Id 91ther the • SMai/ columns siaw bee prears " t ae In a srying ovwn,
or tfe silic, gel AM alugina Colowi ne pgv'aretlo, f colII Wece
to te 0i•I •t, obtain iON90 11 20 C ColiUM (for ?ie silic gu 0
c.lums) Mnd I AS0 Ca ColMMO, for t•i almo&ina• a umil.

64 PlItc a I ame of glass ,owl In tM bIeit of twig I I 2 0i colils
and M of alllits gel, La.0 gof te UO lareuaseel l111ca gel, I g
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silita 9el, 4 g of tie do% w/w sulfuric acid treatad silica gel ain 2.0 g
of silica gel. Gently tao tne columns to allow Z.10e cnten:s .o iac:le
Iafter eacn addition.

6.3 Place a small wad of glass wool in the =oeom of Z.1e " x 30 cm columns
and add g•ohf alumina ano a 1-cm layer of sodlum sulfate. in:ivy tao
the columns to allow the contents to settle.

5.4 AtutC• the silica 1 and alumina columns to 4ao suooorts so inat :ne
silica gel column s aoove "* alumina column and :3i lower tio of tne
silica gal column Is inserted into tnt top of the alumina :slumi.

6.5 Rinse both columns with hexano to eove any air buboles and discar. :ne
hewae.

6.5 When the silica gel and alumina columns nave stopped dripping hexane,
Ollaca a clean Erlenmeyer flask under the alumina column ind transfer tn*
hexane concentrate obtained from step 5.8 to the too of tnt silica gel
column. Rinse the scintillation vial with two 0.S-0l portions of hexane
And add the weshings to tne too of the silica Se 'Column.

6.7 Wash the silica gal colut With 90 mt of hexane, adaa in aliquots by
Milt of A trIAsfer pipelt. ROimW" C silica gol Olumn.

6.8 Wash the alumina column br placing 20 m0 of hexant on the column ana
OlUting Until the h•e ane nas droed •elow tae sodium Sulfate layer.
RiOe the i lEFIl*igYr flask and retain (Witt 4aNinum fooil Cp) until
directions Are g4ien to discard.

6.9 Mace a clean, labeled US-at Erlenmaeyr flask under the alumina column
AMd place 2M s1 of 201 v/v #mWylene chloride In fletane on the alumina
Coluui, catching the seluet in tcne Ereniyeor flask.

8.40 Place u., 12t.-e leniyer flas oan the Orgenomstion or Plere ".on-
contreilon wa•aftus and reduce the volume of rhe solvnt -1ntil less "wan
10 il of olvent remains, but Go not evaporate to dryness.

6.11 Quantit••tvely transfer ?At Nexane sx tract to loeaed 10-.l X-0 con-
costrator tum. Rinse the ErlesYoir flaskl with several small (I to
2 6l) portlon$ of hew,., adding the wasnes to tle K-0 concentritor tuIl.

6.12 ru•sfer the K.0 concentrator tubs to toe concentration device anid con-
csitrseie ue maxene extrict to approsimt•tly 1.0 *1, using a gentle
]"rso of titrogen ad hut if necessary.

6.13 After the 1.0 l vlualme hs been ootains, remove thie X-O concenratraor
tube en psemitasively transfer ehis contents of tne X-O concentrator
tube to designated Conical lni-vialS. Ain$* tse • oncntrator tuoe witrw
two 0.501 pt ions of hoiats Aen transfer tilte asnes to :ne con•cntrate
vil.4, Co"lete neessaY p"emooer (see OA section).

6.14 store thle Ieae ca"Concentrate In a frqePe untill Just prior to /iMS
analysts.
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6.15 conturate the hexane :o near dryness and add :'Q .z of 200 'oc standara

of an aipreoriat, Is. Return sample to the reacn-in refrigerator.

7.0 AC. IVAT" CARBON CLEAN-UP

7..' After C/NS analysis of samples processed :ftrough tile dual column method
in Section 6.0, the possibility exists$ tat cartain matrices ley produce
indeterminable results. In such cases an Atcivat:e caroon :0lusn clean-
up technique will be emloyed.

7.2 obtain from the desiccator thle awlvaUG Celite/Carbopax (from Seclon
2.13).

7.3 tnsern a small wad of glass wftl into a small (7 m 0.0. X 15 cm) disoos-
sole piett and, using vacuum aspiration at thte pointed tip of tle pipot,
add t-e Calite/Cartopai mixture until a 2-cm Column is obtained.

7.4 "are tne column by adding the following solvewrms/solvent mixtures in
tle designated aliquot sizes: (place a clean 125-41 ErlemnasYr flask
under the columIn)

- 2 m1 toluete,
- 1 W 75/20/S (v/v/v) iaflylene cnlorlde/*ethenol/benzine,

1 el 5S0/S (v/v) Cyalohesane/Mueylene tCloride,
2 2.1 hmxane.

7.5 When 04 botom of the exane Mniscus J•ut toucOes the too of the
Cel•te/Carbogak mitorlal, quntitatively transfer the 50 1l of siaple
oao thneo ol Um.

7.6 Rinse the amale container with two 4-01 portions of hexante, adding coe
MRSes oneo use column

7.7 Sequentially wash the Column with the following solvents/solvont mixtures
In the designated Alituot sizes:

- I ml 50/60 (v/v) cyCloflexane/0ethyleuie chloride
m l .1 75120/5 (v/v/v) atiyltne ct/orde/ininol/benze.

7.8 leiae the In-ml £rlenmoe flask a reolce with a concomnrator tube
or RecMtIwlal.

M.5 C1uts•e ie T=OO from the column with 2 6l of toluene into the concantrutor
tube or Neacti-VIal.

7.10 StnOe the tolumie e "vear, in a freeer until the GC/S Analysis is to be
performd.

7411 ,horly before the &lWlytis, cacen•Iiite the extPact to near dryness and
add 0,ul of isoocane for GU/S analysis.

7.12 CoMlete any piMeMM MquitiMin 3 and store the UnCentrat in tne
reeci.4In refrlgfe.•aor (s3e 10 s0ection for examples of paeGrwonr).
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8.0 CAUSTIC ANO ACD CLEANUP (OPT:ONAL)

8.1 Crtain samles may require additional cleanuo aefore column :nrama-
tograony in order to achieve acceptaole aetection limits. 7he :ollowing
is S procedure wflicn involves acid and C3UStIC wasn of the saeWle.

8.2 After Stop 5.12 is completed, quantitatively transfer :ne ex-ract to a
2S..el seoar3tory funnel.

8.3 Wash the extract witn 30 ml 20% aqueous ootasslum nyronxide ýy snaxing
for 10 minutes. Let stand for 10 minutes and discra tmne aqueous layer.

8.4 Wash the ext-act with 25 mi of distilled deionized water by snaKing for 2
Minutes. Let Stand for 10 minutes and discard tri aqueous layer.

8.5 Slowly add 50 ml of concentrated sulfuric acid to tne ixtract and snake
for 10 minutes. Lot stand for 10 minutes and discard :fte acid layer.
Repeat until acid layer remains colorless after extraction.

8.5 Wash extract with 20 mi of diStilled/dhtontzed water by snaking for 2
minutes. Let stand for 10 minutes and discard the Aqueous layer.

8.7 Ouantitativuly transfer the organic layer to a 20-el scintillation vial
and ory over 10 g annyrvaus sodium sulfate.

8.8 Reduce the extract volume to Approximately I mi.

8.9 Proceed to dual column cleanup if required.

9.0 MASSWARE PREPARATI0N PRQOtDUR[.

9.1 Rinse glassware with the last solvent usea In it. W•esn wit not water
r coentifning detergent. Rinse with coo•ous amounts of tao water &an

Setveral portions Of ltslled water.,r drain dry. Rinse wit.n nign ourity
ace toane m hesneX nd allow to air Pry. When •ry, neat In a muffle fur-
nmce to 4004C for I hour. (Volumetric glassware snauld not te heated in
a ubffle furnace.) Remove from the oven when cool; store inverted in a
clean gnviromment.

022"-P4
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Annex 5C

APP~I0( ~C

31004 AMIAUSE - M(ALYUS MRCMURE

L.. Thitsis 4 qualitative VWt quwn1lative (htign tMsolu:ion) P1(low uo.-luttan) 45 analyist$ ifir.mt fopr.t L ,,, tSair of zar.'.'or -

oeImnsn0-41ozin "Ing Itler.o ion ,onurIng. A sa$ple 1. So0keo WO.
1I.ptlcally laOelea W..C2-3,74-7.i as tn4s rMU l sWUnMr4 8110
•'Cla-Z4,7,&-?C=0 is surrap:a. Quaitatlon Is Used oan %ne rspoanse
of motive T= relative to te. Internal sntan1r. Performa-nc is oused
an surrogate staftard miult. Pir-cnt ncavery of ziu WS/M vinure
I ise UW n tZ CMU Interna "&staz~r V3C4,,7,$-TCMF.

2.0 5AFVTY

Z. I iSaMls an snt to tO T C•aortaion from suspec.d or know" hazarg§us
waste sita. Swpol. are to to hRnfled fror reipt: to s;:rjaj .y
quatlif1 weijomanl only. Anlysts msu nave a wuaning knowledge of
SaWK pQtQQoals And be Ato t sRfe0 y ;rOCe,4 rw. / N "S tnrI.A"S3
a Ustbe Nippedwih vow cnatmtnation trial an the "a011141 solit4" "Min vents W04 an zu roug OMp 0f1~n• lim Omartor on (Me

3.0 W'.4P' M MIXAUAION

341 Wnstl a 40 WAFa, 0.41 SIR.E.,9 ?U~et 211ICA Vt3 . 940 .I0r4ti film
tlCxIMS cpillarr Coltum. S" the nmeat p"lure4a looroazuataei 0-1!

psaitd %tM slit: "d1 M mlo to 30 el/sn a" 1 21/1n rupeCt:; 1.
302[ cr'uts a iMa lle ntmi MulVl~OR .tuft for pr• MI. just: me :am

aaWSIn to t ne rVm"a MfactAUMIqs suget 14ttift". St Meat
preu se1itivity to 10/4 W tvets. The 541"ron WAltiite•t maSt u
sat to &saim INO,= ame Units fee I u of WC-T as 'n2.cto
foe NXi 334. CttII eua t nset1 ltt t

363 EstaUlish the foltlain N"o Gomcriaft:

3.34L wt *r fp enMiu g coti 'arfO asca atW,0 sre

NW0 0I•., rc
Mr, I MIN CAu: CAI.33

.'4SS O(L'EC A? tm Mw 10 IqJ
W Mr. r I A 102'W

7WMh *=IU WV 0.318 ~SM
MTAL SVAN ?U9 O.SO ucs
C2-ff SAEP* Vtn 0.2Mo. 2
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111T 3EGIS 90,(SCZ
" "M MAS AS REMUEST ACIU-M OWP .MFW (AA 4 3L. 'ON

: 319.649 3204s5 0.:30 0.354 . 0 .c ." a POS
= J 3.F49 322.1.0 0.3!0 0.052 t 1. 0 xs

3 322.5.49 M23.05 0.290 0.52. i too i 0 PaS
4 227.649 325.150 0.050 0.054 I OO .. a PaS
5 331.549 332.150 0.030 0.052 1 .:00 os
6 =11.549 34.150 0.050 C.352 1 00 o 0 ;s

3.3.2 NAME 'TO' fr ri ming s•uaar and sAoI s

MID DESC: Ta
'S: FINN CAL CAL39

M4AU QUICTAT 100 AN 30 J
"AUTO RA'T 1024
TOAT M ri m", 0.430 SECS
TOTAL CAM 711ME 0.450 SECS
cwNt SUP IN? 0.200 "S
CALI S3U umT 4U14 AMI

TNI IEIN ID rim (UCS)
NO. MAU S ARM KU , ACT'U. IW I 14 51. ;ON

I W..16 257450 0.050 0.052 1 100 1 1. 0 '05
2 319.441 M.130 0.050 0.01A I to00 I 0 pas
3 327,441 3Z*.150 0.050 0.051 • 100 I I 0 Ms

3S .31.4 I 33*.4 0.3.0 O.M5 I Ica 1. 0 pOS
4 333.449 234.50 01030 O,351 : •.0 .I 1 0 pas
7 315.449 316.150 0.4s0 0.05s 1 2.0 to.o 0 Pas
1 217.619 311.150 0.050 0.0-4 0. 2000 2. ; 0 03

3. 4 $6 set" c cwo fttos as ftat I *

SUanur TIM ZOC
tmt~al 41,0* m

Tm 2 2o0*C
gold Tim 2 0 Siff
Um #t$o 2 41(1ton

Htold riv 3 S *in-
$I11 tisjI" u0 SIw

Film 0 t t an W086,2w3
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.30S AMalyn . 7 1sgr :-?A tst =lx.ur. ,f no isrers are =-elu:tnq
with 4,,.7g conditions Ituted Mav e Atceg1tabi. '-Q pO"Cag.
411 o-olution does acwr vivti 1.,37,3-.7-C0 the Co1i =W.: be :ingea
or CWn41tions wifiea. in arter '.' st'o2 cz-4lu:1cn.

3.S Create a llbrai'i- w,, tft fQllowing enzt:igs:

* ' -.3 37~0 'ttsralsuandardl

- &iinuu ,, I.00

*units wi

- ,U•t lIS5 ,, 32i2- - 10.- (saoar !"
*Goeta all masses 9Cs t g/341
* Imont o -10

- *~cm.i-•

- imnotfl * 1000

- oeeca a m as~s tzcao; 22-0 322. 332 27

- Mount a /I00

* Aclt am /

* %42.7's-=0 (TwtSa' icai
coie•. at 0 masse" (Cap: =9 32. 3 .3237l

unwits OSa

ntr 37C! .2.3 7 .3-T,= t(ecoverv i mt. st.di
- ltout 911 7435es except Z

Mo munt a 2w)
-units a 2U
-quant mass M 2

40 ANALY$13

4.1 General Duscr O~ti n

A4.1 A five point calibration cansisting of a 200 pq/Ul (I ppb
equivalent), a 1.000 pg/ul (S ;P; equivalent), a 5000 Og/111 (23
Oct equivalent), a 20,000 P9bil (100 p~ equivalent), and a
20,00o ;9/ju (200 ppo equivalent) si•andard ust be run in :Ir$it.
cats a•ti a liear response curve generated bef S smples ar
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aiyzed. ,1he Ma0 wi/u. sa:sard Is analyzed at :ie beginning *f
"emci etgna ,our shl-: :c verit!. system performance and cnfOr•It7
to 0-ft mult1i0tfit calibrition (see IA ie~ion on stmnoar-j
s ,oerwm). Sawoles are ructived in SO 2i volufts and Muirt no

nurt~ pregag'atrn bi the Gm/~'-s lartvn r7.

4.4.2 MMSZT105 OF =CUM!~TROAT CA.IUSATION SOLUTIONS

Solut:ion 6 Concenitration of 2.23.7 ,3-17CM

X*#zqVItsllv Laoeltd 'J" IAbe ed
2IL. ? 371¢I' • C.. 'M"F

I nMAL 0.06 Aqh. 0.2 ngq/l 0.2 ftq/UL
2 1 ng/UL 0.1.2 ngh/d. 0.2 ng/val I "g/w.

r 3 1 ng/uL 0.2 nig/, 0.2 ng/ul ng/V,.
1 ngJ/L 0 0.2 ng/.•l ZO nqpl.

5 1 n.!ul 0 0.2 ng/iAl 40 ngVU&.

4..' Proeoft for QCMN ýialyzis Initial ralibration

4.L• The G conditions for all standards, sUnoles, and the clumn per-
fruawma mixture are as stated in ec:ion 3.4.

4.2.2 Twae and calibrate tnQ instrzument as in stia 3.2 or vetrify z:a:
thei nstrimet has been tuned and :altbrittau within "ie past wee%
and hUS p•eforMe satisfactorlly wnen last vse4. tf Via methno
Us not bem performed suc-assfilly within 'Nj last seven cays,

ack the toue and r•callbrate.

4.2.3 A itre t.e seven Iso•er EPA test six. 1. no fsmers are co-
olutting withI 2.3,7,S-TM0, proceed wi:.a 4.2.14. '4f ca-4utlon

eas oc•ur, te conditions must oa modified or the =lumn mauv oe
canged. the AID descriptor T ICmst be used for tais analysis
(section 3.3).
4.2.3.1 Otrmi-t*e and document accaataOle systas peWo.'maca

with the following criteria:

A. Five data points for each GC ;uk are acquired.

M. column performance - The valley bet-eem
I,3,7,8-TCO0 and the peaks reortsenting all
MaOtr• T iO s emus% at be resolved wi't, A valley

U<25. Valley 1 * x/y x 100 w,,en y is peak teignt of
ZT3,7r,8.7,o and x is baseline :o valley 4aignt
(Fi g. 1).

R. atio of integrated ion cirrent *-or Vzz 220 to 'n/Z
22for 2.3,,7,8-T=~0 muast z* > 0.67 and 0.37.
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m lan Is for ch ch ompouna do not ai ffor by •sorthan ' 10., :,9l
V.F :n be zonsicered to u itnatoendent of analyte quantity for
the calibration ::ncntrition tange, ano 0.e mean of .nt •ive
itvn Us salto be ussa for concentrat.on calculations.

4.Z.7 Fill out aIi necessary ;apearorx for the standard calibravIon
QAQC (see QA,*QC secni n f,.ar ;a4eror1Vr).

14.3 Plot t*1o response factor vs concentr-tion for the fIve point
Calibration c€•rve for OA/qC 00or'ting.

4.3 Calibration before s-e star- of -acA eight hour snio-.

4.3.1 in(ect 2 ,d of the performance oiec . solution as in 4.Z.3 -

4.3.2 Injiv. 2 uI of :,th concentration calibration solution #1 (NuO
pg/ul) determine and document acc.ptable performanre fer

4.3.2.1 4S sensitivity - signal-to-noise ($IN) ratio
of > 2.5 for &/z 257 and > 10 for m1z 322 for unlabeled

,3,7,8-TCA.. The ratio f integrated ion current fOr
a/: 257 to alt, 3220 mast be >0420 and< 0.43.

4.3.Z.2 mur raespgnse factor for unlabeled 2,3,7,34•=0
relative to WCj 2-Z,3,7,S- 1 Is within La of the
smun values estaalished (S.c:ion 4.2) by Triplicate ana-
lyms of the concentration calibration solutions.

4.3.2.3 If both thee cr-iteria are met, fill out the t~ttw per-
.Ion of form 248A (QAiQC section). 1.f1 t-Ie RF ratios are
wiin 10% of the calibration average samoles *ay *nen
be analyzed. 00 AT UPOAT!E the shift standard to thi
nesonse list. Us* &;S;T only. If the IV. criteria are
no eta, analyze the shift standard. If still out of
bounds, a new multipoint must 06 rn. Mul.Ip0otts may
continue to be used for as long is the shift standards
coform to thts criteria. Xerox a copy of Form 248A for
inclusion with the shift standard packages and an extra
copy to be placed in the instrument log book so that
subsequent shift standard entries may be made on the
Sone form.

4.3.4.4 Accuire sample analyses. Samoles may be analyzed
following a successful shift standard analysis.
Performance standards must be rerun within every etoti
Nrs. The injection procedure must be careu-Ol y
aanerd to to avoid cross contamination. If ta*
bacxground of a samle analysis rmmins high towards the
end •f an acQuisition, the Cluun snOUld be UaKed out
for in extra period of time to avoid possible cnr""a.
tograp•ic carryover into te next sampoe Injection.
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Seat should be znanged "at auporox.mately 4.0 injec.
tions. aolllary injection Part liners snoui4 -be
c leanse or exchanged with everi. o6.er septum change.
Good sense and experience prevail.

4.3. After eignh hours fram the injection of tne column performance
check solution (4.3.11, ,the tune is over anO :ni performance
check solution must be analyzed again. 1,1 all *:ri-rlta (44.
a-f) are met, •ie samples analyzed curing :nat elgnt nour Per'ocd
are &=acceptable. If the criteria are no: met, t•e sampoles ,2us• 6o
reanalyzed.

. ,For 11 tnjeclons, a hot needle injection technique is used.

4.4.1 InJection Technique (Heo etedle) - The syringe ,ust be thoroughly
Cleaned beween InjecWions Uo avoid cVOss contamlnation. Remove
the plunger betwee injections and wipe I't thoroughly wit. kim-
wipe. Rinse the syringe with tan to fifteen full syringe volumes
of heums solvent wans. Replace the solvent wash with pesticide
quality hexane daily. If a hamilton syringe cleaner is availaole
that is equipped with a vilc•sm source, use this also. Do not use
t.%e harmltn• syringe cleaner if there is no vacuum puma Attached.
Insert the needle into the septum port, wait approximately ten
1secnds for the needle to heat, then puma the plunger back and
forth a few times. Rinse with the solvent wash heane again.
dork the plunger up and down in the Syringe barrel to reduce
excess hexane wasn. There should be •pproximtely 0.5 &J of
solvent left in the syringe barrel following this final rinse.

* D. Oraw back the plunger so that ther are about 2 -0 of air in t•e
barrel. Draw 2.1 ml of sample into the neele. Usually :a let a
total of Z ul of sample, it is necessary to pull tne olunger back

* .,Approximately 1..Z .J. The sample sould be crown uo into the
barrel and the amount confimend to be 2 .1. If it is nomt, the
sample should be expelled and process repeated.

After gett•nlg 2.0 .J of smiple into the barrel, Inslrt the needle
into the injector port and wait 8 seconds. Rapidly make theinjec"tion.

After making the injection, roive hIe needle as quickly as
possible. As soon as the Injc.tion Is made, start the GC.

C-., 4.5 Identification criteria for natIve Z,3,1,38-i0

4.S.1 Retentiontime (at maximum peak heignht) of tie sample component
N st be within 3 seconds of the retention time of the

12,,3,7,8.T . Retention times are required for all hroma.
togras, but scan numbers are optional. hese parametoer snould
be printed next to the aopropriats peak.

S4.5.2 The integrated Ion currents detacted for a/z 257, 320, and 322
must maximize simultaneously. If tiere art peaks that will
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affect the maximization or quanIt:ation of peaks of interest,
me1ptUU Snould 30 a•lde to narrow :.e scan Window :0 eliminate
'.Ie tnte.",.ring oeaDs. ,his should Ue reported on a s3aaarzt
tflrautogra.

4.5.3 -the integrated ion current for eacn analyt-e and Surrogate Com.
pound ion (mV/ 257, 320, 322 and 325) =ust o at least 2.5 :Imes
background noise and ,ist not have saturated the dec4tor; Inter-
n1l standard tons (/t: 332 and 334) must ue at: last 10 times
background ind mus: not have saturated t-e dete•:or.

4.5.4 ReiatIve abundance of m/, 257 to Q/z 322 snould be _ ZV, and < 4%S.

4.3.5 Abundance of integrated ion counts detected for m/. 320 =Sut be >
67t and < 870 of Integrated ion counts detected fOr m/1. 32.

5.1 Each sample "Package'M must include the following:

a) RIC (w0o0 - and of run)
b) C=mlete quantitat.on report. (Input area and scan # manually if

ml sed)
C) E(KIC of r/e 332; m/e 3324; m/e 4i6, and m/o 313)
d) (?ICP of 320; 322; 332; and 2571
0) (1ZCP of 320; 322; 332; and 3291
f*) Quan (320; 3Z2; 257; 5 scqs) The canter of the 5 scan window

is tSe rteantion time of -.4L%-2.3,7,8-TCOU
9) A standard packaqe including ill of (a) t•rough (*) pus •an

4tt&aced copy of the T7Co calibeation sumary (Frm 24UA)

5.1.1 See QA/QC section for batch rort deliversoles

6.0 TOTAL 4QN CONFORMATION

I.I Insect. 2 .1 of a DMrPP solution into the GC/MS syste, using the sam GC
cWnditions as stated in section 3.4 with the KS sAcaning from 35-450 at I
secI/scan. Required calibration critseria for OFTPP shal as:

41 4o - do cant OT 0450 Pi. .
6o ( 2percmnt of MI: a69
70 < 2 percent of m/z a 69
IV 40 . 80 per.ent of base peak
197 < I percent of base PeaK
19- t00 pergant (base 0eak)
199 5 - 9 percent of base peak
273 10 - 30 percent of base peak
3lie 1 percant of base peak
"It lass than mit a 443
"244 > 40 percent of base peak
"43 17 . 12 percent of "I: w 442
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"I

LI Injec .1 of vne Positive 76".0 samole -nIq t.ie same GC =na•i.,ons 1,
-'i s$Oicon 3.44 MS data &;ýuls=tion rtouirewu~ snail u::

• ., .2.1 cycle time _< .3 sa:=nds.
6.2.2 Aciztsition of > 5 specra durin elution of Z.3,7,S-rC30 from

th.e 6C.

5.2.3 MS scanning frme ISO.=5 at 1 5c/%can.

6.3 Suotract an aporwirlta Uackground soectruu, and Diaz a Sow~rum of
2,3,7,3.T=O after background suotraction. ('1he person risdonsible for
MS data itwerpretation is responsible far demons zruti Mg that th¶e
background spectomm selected for subtruti.on was an aopropriate spectrma.)
Provide a hard copy of .ebackqround spWct=, the TOM specr~rum Wafre

patdspectrum will1 be affected bY other sample COMPOMent tha~t MaVe
soooxiatty 64*sameS retention tine and will be ilqnly variaole.

Oftiired spectral features are:

Uas* peak a a/ 322
Ratio of a/: 320 to 322 a 0.77
Ratio of m/z 320 to 34 a 1.58
Ratio of x/z W5 to 322 a 03
Ratio of ui'z 257 to 259 ', 1.43
Ratio of a/: 194 to h9G a 1.54
8n/2 160 aMd. 161 a 1 00 of M/: 322

Seamse I3C1r2.3,7,,S..TO, the internal standard, is present in *uery
saute amd nes essentially the law retention time as unlaveled

L:. 2.3,7,84C00, jy ectrum after background subtraction will reoresent a
41iztuii. wdhen t"!t2,3,7,3.TC= is preventc a: a ?,tgner concentrastion
than unlabeled 2378T Othe resultant saerms must 40 normalized to

[*. .1: 322 to dwonntrase desired spectral features.

7.0 $It QA/qC 52.C*?TN FOR £XAILS Of ALL. PAPSERWORK NECISSRY FOR C3NPISET
REPORTTIG OF C/MS DATA
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Annex 5D

APPENDIX

DIOXIN ANALYSIS - STANDARD VERIFICAT.ON

1.0 Summary

14 • All standards bought commercially must be Cnecked for both purity and
ac:uraC-y of concntraction. T'h% btnchmart standard for Verificacton of
accuracy is a 7.87 mg/il standard of native 2.3,7.8-T40 suoplied by ne
USEPA.

2.3 •eclipt of Standards and Stanaard checks of Stock Solutions

2.1 Standards -tesived from Commercial suotliers of dioxin ire chocked into
the building and logged into a standard noteboook. The standards art
trPansfertrd to voluMcFC fUlasKs and brought up to volume in toluene. A
known dilution of the stock is analyzed on GC/MS to check for both
purity and accuracy of concmntration vs. an already approved standard of
the USIPA benchmark standard. If the response factor agrees * 10% from
the check standard, the new lot is approved for •se. The 1ar1•oeies of
the standard check wil1 Contain EICP's for all comounds of inerest
froM both the new Standard and the benchark Standird and will be filed
for future r•eftrena.

3.0 Storage of Approved Standards

3.1 The opproved stock will be transferred to tared minbered and labeled
vials (2 ml size). The weights of the standards will te recorded (Form
1). When a now s•aodard bottle it ased, it is weighed first to insure
no volume losS during storage. The Standards are ke•t at -4*C for no
longer than six months.

A.0 Wfrting Standard Solutions

4.1 ODlution of the stock solutions are mad; for all worting standards to
be used in the extraction laboratory and tit GC/?S laboratory.

4,2 Before use of the vorking level standards on tile analysis, the solu-
tions must be approved for Concentratian and purity as in the stock
solutions. The extraction lo standard is analyzed by G/MS and com-
pared to the thift calibration solution. tf the calculated amounts are
* 10% of epected Amount, the standard Is approved for use in the
xtrsction laboratory. When new GC/MS shift standards are mode and

"aproved as abov•, a nw five point calibration in triplicate must be rUf.

4.3 Working Standard solutionS are stored as per Sectiof 3.0
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y.1

f r

5.3 Standard Nao.goooa

I A11l s:anaaris iTme art lOg;ed into a Standar• nO:,CooK ciat inCluCISvolumes us$c: $01ven:S; AMny 0roonem intcouftcrtd; late -.ade; a:teIxfgfr; weligfts of eGAC Stnoa&d ConAtane.; Concencr•tion; approvii date.

2'2
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Standard or Stock SolutIon d 4ef. A Lot

Comocund(s): .... .... .

Origlnal Conc. _ Solvent . roul Volume ..

So0'n PrWPrtd By __ ._at: Oa:e/Tlim __

Container Tape (grams) Cantainer . Solvent (gram)

container Grass (grams)

Specitl Notus :

I.egnt NNt pt 7- Tg -egnt AInI I I
User Before After I4usVed Stuuni (grn )

tanl tals _ Use (Gritm I Use (_CSMu fIAnlp/lI I eolaeaen•t I

-.. __.2.. I _ _

1_I 1 I I i
f-u--- i I-u-TI_ _

I'1 i . . ... •I N I I l I l I I N _ _ _ _ . . . .
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Annex 6

SUMMARY OF QA/QC RESULTS FOR 2,3,7,8-TCDD ANALYSES

6A COMPARISON OF SOIL PREPARATION PROCEDURES AND TRIPLICATE

ANALYSES OF CONTAMINATED SOILS

6B ACCURACY Ab) PRECISION RESULTS FOR 2,3,7,8-TCDD ANALYSES

6C RESULTS OF DUPLICATE LABORATORY THERMAL DESORPTION

EXPERIENTFS
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"* Annex 6A

CrM'~ARSOM OF SAW-!P2 qEP4RATTON 7T~rtl: FOR ANALYSIS-.F .fZ ,7 , a oc 0 rJ U. Tl rE 4 S O IL S

Ancftcarif-arI 'at M. *Owfti
i iiroatIl II m n d war S1¶OG

sconlt w/benrrnm w/hore-!•eft•ita

1A. 98
*I 97.2 1"

104 ASO 7.r. 1O*o4 RM a 3.2".

.. -11! 93.9 71.

98 79

Wgltn 8.12 f8
Ica., j RM 9.3% 72•.7 qmaI.• ,A

470 497

Sol 450

A93.1 t2m A J w A

m 34,2-9
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Annex 6B

SUM.ARY OF 2•.,7,.-TOO OA/OC RESUL.73

Nlen :•ae•tr accuracy a 97.1
staundard deviation *24.5
Pifmen Rso - 5.2,
.rume of data po01 -- 5

trili1c3te 1Anlysuss eof gtaminlo $oil

Sol/ Amnod (200,o~ S1100hi) ; S17
S.) ,.,ohet11 * 9.,
2) £ql n/soEle=t t0o 7.7 7.3
3) ,CUSCsOxhIet 493 20.9 4.1.
S) J1',ai 72.8 3.5 7.A
I) Eglin/jar 100 3,.2 3.2
a) qmC/ja. M5 8.

Ounsicats Analy•es

* L~~~) mUN1eS TO * J./2

Mean Cm~ncanstia" 1~40.3 oph

2) SUnle [•t •9J19' 19,4s
VareIglono m
Meant Concentra~tion 0.38 006

3) Saw tle M J2204/j*226
Variation *84
"Man Ccgpatrantp on * 25. j 00

LO ~ltars out: of 45 $cinleg • 225

Xhua~ 100 M~ (rulative 20rarm difference).

0301. A.SWomy
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Annex 6C
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Annex 7

ANALYTICAL DATA SHEETS

7A 2,3,7,8-TCDD RESULTS FOR UNCONTAMINATED AND CONTAM|INATED

SOIL SAMPLES USED FOR LABORATORY THERMAL DESORPTION TESTS

7B 2,3,7,8-TCDD RESULTS FOR SOIL SAMPLES AFTER LABORATORY ITERNAL

DESORPTION TESTS

7C ANALYTICAL REPORTS FOR HERBICIDE COMPOUNDS IN SAMPLES BEFORE

AND AFTER LABORATORY THERMAL DESORPTION TESTS
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Annex 7C

SIT ANALYTICAL SEPVSCES

(:CER"17CAT= OF ANXA.YS'S

0 IT Technoloqg eve1loomnt "November 29, 1.98:
AfN: Nick Xels-l MDK 19028
312 Di rectors Dr ve , !TTI 736.04
Knoxville, T1 37923

Sample Description: Six (6) solid samples received November 20, 1984

"Concentration units are ug/gram (ppm)

437-14-3 0.47 0.1S
437-14-4 0.16 0.21
437-14.5 0.16 0.24
437-3-EAFE 1200. 1700.
437.4-J1 900. 890.
437-13-1 370. 710.
-Blank 0.039 0.032

""-7.fi~f 19UA

/0 / *

Myci~iwoIil Janitux. 19 1QAA d!_____________________
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SIT ANALYTICAL SERV7CES

"CERTfIFCA OF ANALYSIS

. . Technology Development :,A.:ZZ, ME Novemoer 30, 1984
A N.: Dick Helsel ^21.7 :.... !TDK 19028
3,12 Director~s Drive Wv3!S- IMY 9736.04
<noxville, TN 37922

Sample Description: 437-14-3

* -

ACID EXTRACTABLE ORGANICS - PRIORITY PQLUJTANT ANALYSIS

Concent ration Concentration

Cooound Dom •Comoondom

2-chlorophenol ND 4-nitrophenol

2,4-di chloroohenol NO p-chloro..e-cresol* V.

2,4 -dimethy 1phe0ol pentachlorophenol NO
(m-xylenol) NO

phenol No
4,6-dinltro-,O-cresol Ni

2,4-d-"itrophenol NO

-2-dn rophemo ! no 2,4,5-Cl 3 phenol

qemrks: NO a Not deatcted
f <1.0 a Detected but at a level less than the lower quantitatton limit of 1.0

ppm (parts per million".

No- •o er. 1984
'.,,. -€=-r.-, ,= •anervy 16. 1988 • .''. -

Laboratory Mangoer

,- CV f n A00=a. ,•I -0r LMM A-I.W M-''Pi. ftW
2 =Mo% %9 WM AA.A MKXM Wt SAM000 WSfla
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IT ANALYTICAL SERVICTS

CERT!•FCATE OF I NALYSIS

" T Corporation :A-, . .Z". June 25, 1985
A7"T1: A. Groen .- -. 20085

-- 312 Oirectors Drive P-.-, -. .. roject. #9736.Oe
Knoxville, TN 37923

, Sample Description: 44540, Clean soil, 5-2-85

Concentration units are ug/gram (ppm)

437-14-3

2,4,5-Tri i1 orophenol NO

*i I

I

Remarks. NO aNot detected.

V jung ,.RC

Li.b-raor- Manaaer

iW '2 n 2 A tO UO AMA rorv A4tT zr.Og of
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"" IT ANALYTICAL S"MVICES V.

Tcnology Oeveloomnt ..:A= Noveor 30, 1984
AT Oick Helsel MCZ= IT." K 19028
312 Directors •rive ,-.:X1 .. M... ITTD 9736.01
Knoxville, ". 37923

Sa-ple Descriotion: 437-14-41

ACID EXTRACTABLE ORGANICS - ORIORITY POLLUTANT ANALYSIS

" Concentration Concentration
C O,_und om Coaound , poo

2-Chlorophenol N1D 14-nitrophenol NO

2,4-di I oropneno 1 MD p-ch 1 oro-m-creso 1 .1

2,4-dimet•ylhenol pentachlorophenol MC
(m-xylenol)

4,6-didnitro-O-cresol
2,4,6-trtchloropheno1 NO

2,4-dinitrophaenol No

2-nitrophenol 40

ftemarks: ND a '4ot detected
<1.0 a Detected but at a level less then th. lower quantitation limit of 1.0

orm (paits per million).

.... January 16. 19o88

Laboratory Manager
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IT A.NALYTICA.T S£"V'ICIES

CE=1T.CATE OF .INALYSMS

t "T Technology Development .•• -PC• .November 30, 1.984
ATTN: Dick Helsel .- ---. . K 19029
312 Directors nrive , IT'D 3736.04
Knoxville, T4 37923

*! Sample Description: 437-14-5

ACID EXTRACTABLE ORGANICS - PRIORITY POLLUTANT ANALYSISL

Concentration Concentration

Compound Dom Comoound DOM

2-chlorophenol IN 4-nitrophenol NO

2,4-diChlo,1ophtnol N0 p-chloro-m-cresol NDL,

2,4-dimethyl phenol pentachl oropheno 1 4O
(M-xylenol) NO

4,6-dtnitro-O-cresol NO phenol 40

24,4,6-trOchlorophenol 4Oi2. 4-dlnlItrophenol ND,

2-nltuophenol NO

Remarks: NO • Not detected
4.0 a Detected but at a level less t.4an the lower 4uantitation limit of 1.0

ppm (parts per million).

:: ; Janunry I, <•- 148Ae .

MQ414= *U ;'sw i M~o ru97.Inft AALA ýiw7Iw ýI A=CaqM*. 43baruta7IU
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IT ANALYTICAL S 2VIC"S

CRTIFICATM OF A.NALV..SIS

4'7 T nology Oeveloment J-: January 16, 1985
,T7 7ec~noloy 0evelop.e•-• :':.:-E: 1K 19206

;12 Directors Drive -'-'-.... 9736.03
Knoxville, ,n 379N3

Samole Description: Three (3) soil samoles received December 18, 1984

Concentration units are ug/gram (ppm)

2,.40 -2.41.T-

437-25-1 <0.047 04016
437-25-2 <0.012 0.0008
437-25-3 <0.031 0.003

+~

* ,' I Ahn,..•,•Ar Manager,',i' :,--,..--,.:liner, Z1:U'fl . -. ~'* -efI .:2t
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IT A. XLYTI v-

cEIT ic 7 OF NAI.YSIS

7 IT Tecnnology Development A:k -' ! Noemer 30, 1984
AtTN: Dict Helsel ?I;:.'-'T:7 ITvOK 1902S
312 •lincors Drive 2 p.f-":.. ITO v.a .7.,
Knoxville, TN 37923

Sample Oescription: 437-13-1

"ACID EXTRACTABLE ORGANICS RIORITY POLLUTANT AIALYSIS

Concentration Concentration

Comoound Dpm Comound 00M

2-chlorophenol NO 4 .nittropheol VID

2,4-dch•l1orophenol 41.1i p-cnloro-m-cresol 'VC

2,4-dimethy lphenol p entachlorooftenol NO
(M-ylenol) NO

phenol VS4,6.01 i t ro-O-cresol N
2,4,6-tricnloropnenol 'NO

2,4 dinitrophenol 2,4,5-C' 3 oOenol 53.

2-ni tPophonol NO

Remarks: 14D Not detected
<1.0 a Detected but at 4 level less than the lower quantitat•on limit of 1.0

S|Ppm (parts per nt1llion).

~U1~~ar.1984 .n.. #=% , ~ ir isvWll, 8 , 19,8. e

_____'_______ _ -________.. .. Laboratorv y'anacer

,"' ',:,= fP ' .a -"m 'r. ,.f -~237
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IT ANA LYTICA.L S.4V1C S

CERT7FICA: OFANALYS:S

7: IT Technology Develogment .- '- ,4oviM~er 30, 1984
•N:" Olcx ?Ielsel .. ') •K 19028
,'2 "1 tto:0•s Orive !.,'T-''. 9736.04"•.oxvt'le. TN 37923

Saiolt Description: 437.4-JI

ACID EX•RACTAB,, ORGANICS PRIORITY POLLUTANT ANALYSIS

Concenoration Ontr.tion
,omoumd *am, Comound Dom

2-chlorphehnol 40 L.tnltrOphenol 1NO

2, l.dichlorphenol 1.9 p.chloo-4-cresol ID

2,4-d1meth~y l fenol ;entachloopm".nol MDC
(M-jWyIe6ol N

phenol

4,6..'ditrw- e ,.O-trso N
2,4d-dtin t • g~enO 1D

2,4,5413 phenol 38.
2.nltr'opnenol ND

RemafkS: NO a Not deteeted
(1.0 s Detected but at a level less than tne leoer quantitsaton 1.ttI of 1.0

ppm (parts per million).

,-.,-,,i,:-...€. .u'g January 16- 1988

*~ ~ ~ r" Laortoy'qnae
\23
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SIT ANALYTICAL S"RVICES

CERTI'CATE OF ANALY-SS

"TO IT Technology Oevelopmsnt .. 4 Novemore 30, 1984
-DiCK H-elsel 1-7--- K 19028

312 Direcors Dr1ve 4 17TT 9736.04
Knoxville, T4 37923

Sample Description: 437-3-EAFB

ACID EX''ACTA8,E •GRNICS - PRIORITY POLUTANT ANALYSIS

C Conceintration Concentration

LComooand ,, 9 Comound Dom

2-chloeohenol I -nitroohenl •D

2,4t-4.chlorogh"no1 2.4 .-chloro-M•.resol NO

4.a-dimethylphenol .tachloro•henol
I(.-l.nolN)O

p;tenol
4 .6•wiitro-O-c.0crusol

2, 4 46-trichloroheanot VD

2-0tropheno1 ND 2,4,5-Cl 3 Phenol 0.

Reegrts: , Ma Not detected
(1.0 a Detected but At a level less thin the louer quntitiaton limit of 1.0

ppm (paert per mil1ion).

*4Mart " *-'a = S Am a ?."U AA.A iwCft tr AMWc-u z.Lý-
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IT ANLY TICAL SERVIC S

=77'CA.74 OFANYS

":7 Tiectao1ogy l)eveTooment: A-'-- 71112=71 January L6, 1985
A'Ti: 3tck 4telgel .K 19206
"-'62 ,irctors .- t 1ve 1 9. 9736.03
<noxvi 1e, 7.4 37922

Samle cesc,'otion: .L37.25-3

ACID ETR-ACTABLE ORGANICS - PRIORITY POLLUTANT ANALYSIS

Concent rat i on Concna tation
C.Monunt . oM" Comound oan

2.-clorophonol ..0 4niltopnenol

I •• 'd ¢ 1 PO~qO ,40•,•t Q OtceO.,m-,:.rtsl .4!

2.4-difnt y1annon l Dentac InrWhmnooI 4
.01)0 Dpenol 3D)

.6-n 4troonen l (D

RamatV* '10 a Not 4e•t.AO
1.0 a •tomed but at a 1',#Vo lillt thath "a1, r, , GfttatlOa limit of

1.3 co (pI!¶s Dr million)

Ja.-,.. ,,ma-',,, 18 . . a a..

z t *t . .so-. r," , ,d.,.A __ .- r + # . .
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S~IT ANALYTTICAL SMIM CT"S
S-.•-'-V l .e".. j

CETL=1F1CAT: OF ANALYSIS

. :T Tcwnology Develoopment ,- January 16, 1985
ATTN: )•ick Helsel r .DX 19206
312 r•ctorl Orive - 9735*.
Knoxville, TN 37923

4I

Sam]* Descrptipon: 437-25-2

r0ACID EIMCTAfLE ORGANICS - ORIORITY POLLUTANT ,IMALYSISr.

Concanetration Co0ecA raSt iOto
CooDdowE Crnoulle non

2-chlorow.ft l ,'1 40 ,Itr heno 4

2,4-dichlaropmemol IND 0-ctilorgo...mre 1I

2,4-diUathipar 1gnt t¶acidoProne"o! N• to-We,"1) No

,, 4,6.•jti peo XD.-clsoI

Z,4,6-. ric••lo""atnol

Rempts * NO ot atwo~
€1.0 * Otclt*• Wt 4 A lIve? less UA th#e 14P ZaU-eItMtiQA l1uft of

(.0 poe {oart .r• lwOa)

S.,. -'M ,.q .... a..AL.21M. ,, 71"_

II

W"1 o w ..W 11
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.L.L J'I 4. q •JL. , -

CERTIMICATE OF ANALY' S

IT Tecnnology Develooment " January 16, '981
A`T7: Dicx Helsei IC-Z. .TDK 19206
312 Directors Drive .. N= V 9736.03
Knoxvilie, TN 37923

* Sample Description: 437-25-.

ACID EXTRACTABLE ORGANICS - PRIORITY POLLUTANT ANAALYSIS

* Concentration Concentration
Comoound o0M Compound _

2-ch1orophgnol ND 4-nitrop•nf•tl

2,1-dichloroapenol NO p-chloro-4-cresol NO

2,4-d•methylhaenol pentachloOh•eol 10
(ra-xyle.ol) ,D

*phenol NO
S,6-di nitro-O-fresol NO

2,4,6-tricfilopophano1 N
2,4-dinitropheno1 NO

2-nitropn"enot NO

Remarts: MD a Not *.icta
a<.0 a Ogtw.cid but at a level ]I thin tne l)or 2usntitatilo limit of

1.0 Pom (parts per million)

I

Zk J P -0 V AA :.402'2 32 ACZW 3'0
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IT ANALYTICAL SERVICES
M::C;e~tC Ke . (-!C v I e *A:I

7M-•C.ATE OF ANALYSLS

M. IT Technology Ilevelooment . n 7..-I-- lovernoor 29, 198S
ATTN: lick Helsel tI-.--.':: 1TDK 19029
312 Directors Otive :• 4r3 t :-Mu 9736.34
Knoxville, TN 37923

"Samola Descripteion: ".ignt (8) Solic samolts receiveo Novemner 20, 1984

Concetiration units are ug/gram (ppm)

Arsenic

43744-4 (10.
4:7.14-.2 da.
437-14-3 <'0.

437-14-6437-14.4 F0.

427-4-4, 0
,4374-1t. <0.

- 3 ! - -,.A

,_ A._____Aw- _ _ _ _&_...... kr .,P~ -
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"Annex 8

EXPERIMENTAL DATA - LABORATORY TREATABILITY TESTS

8A SUMMARY OF TEST DATA

8B TEST DATA LOGS
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Annex 8B

Section No.: .OA
F• •Revision "1o.: 2

ýy ata:Ot. 5.1S
Treatmen. Tes: a:ata "Og g.;e: 2 Of 2

;nreater soil icent~:Iiic:on By3 1  hrs aaOIS ______

Treatent Test Conditions

Tiar;et :atuerature C (tes:) Purge as & Flow Rate . 0 I , ,n! n

Target residence time- minutes Soil depth "- •.

Soecial condieions

S. Actual Test Data
1. Test tray, utensils cleaned_________________.....

2. Soil quantity Check soil depth/uniformity - "

L Weight of tray .--- 43..ý? crams
Weight of tray plus soil-start - crams

Weight of untreated soil- - g :* •rfms

Weight of tray plus soil- end - Iii. . ,rams

. aa Weight loss during treatment - I ra. trams

Time (mtn.) T o. ('C) Time (min.) O e-p. ('T)Oven Test Oven Test
tftdl caor (S) rind| caAor (NAS)

4. • ... . __ __ _ __ _ ___-__ _

3OL 43.*.9

Purge gas flow - Initial 0. . /min
- final '5.i ,'tn .

0. Co1 i 6n#SObs tat!on s

Figure 10-lA ZV ,
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section NJo.: 110Aj A .- Revisofl No.: 2

Oate: oc:.. ::. , STreat-Ment fast Data LIV9 ?Age: 2 Df 2,
V:11¶-reucte soil identification /A3 Fý 'lteo Tas: /I I.s-/~
Treated soil idantification A1 r,~ 2 __________

A. Treatment Tes -t -Conditions
Tlarget temperature 4 c(test) Purge, Gas & Flow R~ate n
Target residence ti.,e i N minutes Soil devth MM
Special condi tions____________________________

S. Actual -lstea
.Test tray, Utensil$ cleaned I

2. Soil quantity Checkc soil depth/uniformity owl-__________

Weight of tray A. - - A31 rm
Weight of tray plus soil-start A 4. J6 grams
Weight of untreated soil- . Ei. e crar
Weight of tray plus Soil- end - D1 crams
Weight loss during treatment r.3. Data R.ecordgrm

Tiam (m~in.) Teama. C)Time (min. 'Tamp. (OC)Oven Test Oven TestIndica,'tor (rias) Indicator (NBS)

515-4 ,e

3 441~

P.rge gas flow - initial 0.1 L/min
- final 6.! L/tnin.

Figure 10-1A
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Section No.: 1O;,

R.evislon 3lo.: 2

Treatment Test Data Log Page: 2 of 2

Int:reatac soil 'or:fc~on ~ e4 t a"3 f Tts'. d

":--..5Oa soil identfica:tion F57 - ' . __ /1 -__3'-_.__

A. Trtatzent Test Conoittons

"arget :empera:ur , A-%A IC (test) Purge Gas & Flow Ra•e n

'Tar;e. residence tileI Iv• •l'I•nUes Soil deoph 3. MlI

Special -onditions k4%.-4

S. Actual T'est Data

1 . Test tray, utensils cleaned .. ('$"
2. Soil quantity Check soil depth/uniformity - i i ii

WeigIht of tray - i 4 ,rams

,Weight of tray plus soil-start - f4 -, crams
Weiglt of untreated soil- - CLams

Weight of tray plus soil- end - A I'IL grams

Weigflt loss during treatment - 0-'4 -crams
3. Data Record

1ime (ain.) Tem. () Time (mn.) Tem. (')
Oven Test Oven Test

i ndicAtor (Nas) Incicator 055S)

- -

_________I A :'A

-4--

* .... ..... ....Z.L.... . 48 . -- - -- --__ ___.... ..... . ....

• , _ ~ - - -- . ... J.. .

;urge ;7s flow - initial 0,. L/Min
- final -a / Vai . . •mn.

Ac a 4~. .60. SA". 't.J"04 44j--r

"Fitgurs O-uA
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Sect'.an 'Io.

irsatmnt Test Cara Log ae : 2 of
Jnlated $oil identification "k !)I 3- 'A2 Z:4: of~ Test_______

7treataa soili denti-Fica~ton 12, - AF r___________
A. Treatment Test Conditions

Tarpt temperature, ý C (test) --ur~e Gas & Fow Pate________
Targat residence time- -- m ~inutes Soil depth , -

Special conditions___________________________

3. Actual aist Data
1. Test tray, utensils Cleaned________________
2. Soil quantity Check soil depth/uniformity

Weight of tray A. 3.7C arams
Weight of tray DIU$ soil-star-. -,ramns
Weight of untreated soil. .3 crm
Weight Of tray Plus soil- end - ý't4.C.0 1 crams

3.Oas ecrdWeight loss during treatment - rm

Tim (min.) Tom. es ep.(
Ovn es im (in) Oven Tep. estIndicator (NBS) t:ndlcator NS

.149.

~..4L
*urge~~ gasb flAw -3ntal~

*43 4ie

olurge~Fiur ga0fowLAwlý
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S .ection No.: 10,
SRavis3i1on N~o. : 2

Da:e: Oct. 1S. 19•4
"" reat.-ent Tes: Oata Lg a ge: 2 of 2

','...... -'2d ;oi" iG~n- ii n 4 4-.L.", .ate of Test ,1

7 -~ad soil 4centIfi-as.ion ~~t +'T3 -

rea. en Te:Coctt

: rute tae emerature W-'. '" C (tast) Purge Gas & Flow Rate I. A i/n,.n -

la. et resiaerce t~me Q m~inutes Soil dooth___________

.zecC ai :onoltions_ ........ .. ..

3. Actual ,as: Data

"Test tray, utensi ls Cleaned_.... _• _.........
2. Soil quantity Check $oil depth/unifotrnity __________

Weignt of tray 4; crams

Weight of tray plus soil-start a& . rams

Weight of untreated soil- LI orams
Weight of tray plus soil- end - .... " ' .rms

Weight loss during treatment . r.m

Tine (,in.) Temo. (IC) Time (min.) Temp. (4C)
Oven Test 0Iin Test

Indicator (NBS) AndiAt or (08.)

514 - 4 3 ___'A _

',14., ._ _,, ,

4 , ___.. _....._.--__._,

Lu.. A.. .,j" - - -ý . ....

'5,; __ ')____..44• _ _ _ ___,,_

'Jegs lw- i~nial Ct ! /min.

0. oriw'en -.Obarv .1on

Figure• 10-IA

2.50
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I .SeCtion " iO.

S' - 'kg•R- e Rvision :'o. 2

Treatm•nt Tast ^ata LGg Page: 2 o0 2

Un.rteac soil dentifiz!:Ion 'J1 '--T. 3a.a of Test f: I'-

Traa-.ec soil identi~fication - -AF1By __________

A. Treatlent Test Conditions
Target temperature ' C (tes:) Purse Gas & Flow Race " -

Target residence timele 0 minutes Soil aepth L-.

Special conditions

B. Actual Test Data
1. Test tray, utensils cleaned
2. Soil quantity Check soil depth/uniformity - _

, k 'POW Weight of tray l - , I ,rams
Weight of tray plus soil-star - crarms

Weight of untreated soil- - -rams
Weight of tray plus soil- end - e -C crams

Weight loss during treatment - :. 4 , crams
"3. Data Record

Time (min.) Temp. ('C) Time (min.) Temo. (OC)
Oven Test Oven Test

Indicator (NBS) Indicator (NBs )

Pi . .. flo - '_ __i L/.. .

-i--- --------- __

...I.L+ "' is" _____...._

____ 53r ___-_ ___ ___ _

SPurgle gas flOw - initial 0 ,I Llmln

- fln al •• . /m in.

S*....... .. ,.o.,.



Sect4 oil ro. 140A
*Revi Sion o.30 2

Oaza: Cct. 1U. 1984
Traa~ent Test: aza Log Page: 2 of 2

Jn:ruatad Soil 4centiflcation 'I; 3 Data of Test_________

$OilO i$01 1 td ifiCatiOn AF37 r By A~~
A. Treatment Test Conditions

Tar;et teatneratur-e j C (Its.) .Pur-e Gas & Flow Rate Z /M.i *Znin

Tarpt residence :4me m inutes Soil depth 4-m

i:ecia] c.7nditlons___________________________

3. -Actual -Lest Data
1. (Test tray, utensils cleanedL if /21/ 4 1
2. Soil quantity Check soil depth/uniformity ___________

Weight of tray 4. 3~ 77 craine
Weight of tray plus soil-start - 44A-4 rm
Weight of untreated soil- g rams
Weight of tray plus soil- end - ej rams

2.Dt eodWeight loss during treatment - 0-4 gra oms

Time (min.) TeMP. (IC) Time (min.) Tom.(C
Oven Tesat Oven Test

irdicator (NBS) Indicator(N)
C)~~~~ At___ _____ ____

-iggaflw- in*Va ___I/min

- final, ~J L/Min.

Figure If). 3
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SeC:,on :1o.: IOA
SRe.evision no.: 2
Sw ,Pd O2a:at: VC:. 15, :.84

Tremeant Tes: )ata Log ;-: If 2

.. trates. soll Zn~c~~n 4~. - .. 4 C 2a: If -as-.-_____

-reated soil iden:,ficaz:on F -2'2 - Z, Q, Y
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2. Soil quantity Check soil depth/uniformity
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Weight of tray plus soil-start - c. . crahis

Weight of untreated soil- - 3 2 , 2 rams

Weight of tray plus soil- end ar-ms

Weight loss during treatment , , arims
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Section No.: 10A
1 Revision Io.. 2
"ý t t ,$ I Oa:: Oct. i5, 1.84

7rsatm.ent 7ast 0ata Log Page: 2 of 2

Treated soil i.-entifiuaon -ZIA By
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Tar-st residence t ,me 3,- minutes Soil depth _ -- _ _m_

So Cial conditions -)"- 1

3. Actual east "tat
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2. Soil quantity Check sOil depth/uniformity ___,

Weight of tray __ _33 -'71 gramsl_ i

Weighnt of tray plus soil-start - 414 cr arms
Weight of untreated soil- - 1"0 arm

Weight of tray plus soil- end - 44- *(aj grams
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•',r;e gas pl0w -init'ial w_• ~ /•nt

-. Cm.ments/observations

"Fgura 10-IA
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1. TeSt tray, utensils cleanedt
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Annex 9

"PARTICLE ENTRAINMENT THEORY
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PARTICUE EIVTRAIMENT TXWCRY

Then ae rnaoe equations of interest ti es:imate ntrinimen- velocitles of
particles in air. Thse correlations do not dte•ermne :he rat* of

en: nal ninent.

,. The ,ori.n:tal fluid velocity required to cause a spnerical ;article at

rest on a bed of Solids (soil) to lift off w.e bed is aeoictae in Figurt
G-1, assuming a particle density of Z.5 g/c: and air temperature of

"20OOF.

U (.. - of (Reference A)

wnerte U a fluid velocity (ft/sec),
g a gravitational cons:ant (32.3 ft/sacz),
op a particle diameter (ft),

p a particle density (lb/ftl),
Of f fluid density (lb/It3)

This equation does not account for viicosity of the air or te static
friction of tne particle against the bed surface. Similar correlations
art reported for non-sonerical particles, mu1tiple particles, and

inclined aucts.

2. The terminal settling velocity of a particle falling through a fluid is
expressed 6y:

Uo 0 (Reference 8)

This equation is not for horizontal Air velocities. The Cd t•mr or
coefficient of drag accounts for the cOarscteristics of :ne fluid and

particle.
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3. Tme last corrlation dGvelooed oy :enz (Reference C) snown in Figure G-2

estimazas the horizontal velocity in pipes rlquirta to p!CX up a par-
ticle at rest and entrain i: in the air and also the salzarcion velocity
required to kmee h partticle suspdende based on vie pa,-.i:le Reynolas

-numbe and drag coefficient. IThis last correlation ac~ounts f,ý ~oav
the density and viscosity of V:ie fluid.

The difficulty in using :he Zanz correlation is determining :ie velocity

profile within the kiln and accounting for the kiln rotation and particle
size distribution. The turbulance profile due to the burner nozzles
Should be considered as well. The effect of large part•cles in soil

samples with the same mean particle distribution has been ooserv•e to

reduce the enrainment rate significantly.

In summary, the following factors art thought to effect any tmeoretical

based estimate of entrainmmnt.

* Velocity profile in kiln
- Entrance and and effects
- Burner nozzles

e Kiln diameter and length
* Kiln rotation effects
* Paricle sine distribution effects

A. Zenz, P, A. and Othuer, 0. F., "Fluidization one Fluidt-amtcle
Sy-nam,* Reinfhold Chemical Ingneertno Series, C.'W. Wilk#, ed.,
Reinhold Pusilaning Corp., NY.

8. Boucher, 0, F., *Fluid and Particle Oynamics, %hemicsl -ngin•ersl
Handbook, 5th •d., M. 8. Crawford and R. J. Komair, eos., mc.,raw,.•11i
BooK Comany, NY, 1973, 65 pp.

C. Zonz, F. A., "Conveyability of Materiaals of Mixed Particle S|1, "!LEC
Fundamentals, 3:1, Foeruary 1964.

0318 JI-AP-G
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Annex 10

SA'1PLE COMPIU7"IER HEAT TRANSFER AND HEAT MATERIAL BALANCE CALCULATIONS

1OA ALLIS-CHALMERS HEAT TRANSFER COMPUTER PRINTOUT - RUN 2

10B ITC HEAT AND MATERIAL BALANCE COMPUTER PRINTOUT - RUN 2
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Annex 1OB

t*tt*VtIQ INPUT DATA SUMMARY $*$$$$$$.$

I,EERU KILN CAPACITY ESTIMATION
2,AF SOIU-#Il2,2/I8/35
3, 9736.05
4,JLF
5,60,406,83,26Y0,0/616/

06,C H2 02 N2 WAT ASH
07,SOIL 1.0/
07,0,0,0,0,0,0,0,0,0,0,0,0,0,00,0l/
08,2400,0,0/
09,.001160,0/
07,UATER 1.0/
07,0,O,0,0, lO tOOOOOOOOOtO/
08,29,0,0/
09,.001,60,0/
07,AUXI 3.0/
07,91,9,0,0,0,0,0,0,0,0,0,0,0,0,0/
08,0,0,0i
S0918000,60,0/
07tAUX2 310/
07,g91, 9 0, O0tO,,OOOOOOOO,/
08,30,0,0
09,l8000,60,o/
07,FUELI 1.0/
07,91 ,9,6,0,,OtOOtO,OOO,60,,6l/0BP306,60/

09,18000,60,0/
10.0,406.37FE229689.1t100o60t.01,0,45:100/
10,
15,?200,405,8,3,,5tl,5,O60,,Ol,00,o5O/
15:AUX2
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JOB NO 9736,05 :AF SOIU-tl ENGINEER:JLF 60.0 DEG F 1 14.696 PSI) 2/18/85 PAGE I

I. FUEL TO PRIhARY BURNER

FUEL NAME $t$ttt$Z11$ZZtl ut$ t g*$ tt COMPONENT FLOW TO FURNACE Sttt*ttt ttt$=$ tttt $t
CARBON HYDROGEN OXYGEN NITROGEN WATER ASH

SOIL
PERCENT 0.000 0.000 0.000 0.000 0.000 100.000
POUNDS 0000 0o000 01000 0.000 0.000 2400.000
LB-MOLE 0.000 0.000 0.000 0.000 0.000 0.000

WATER
PERCENT 0,000 06000 0.000 0.000 100,000 0.000
POUNDS 0.000 0,000 0.000 0.000 29.000 0.000
LB-MOLE 01000 01000 0.000 0.000 1.610 0.000

FUEL1
PERCENT 91,000 9.000 0.000 0.000 01000 0.000
POUNDS 278.460 27,540 0.000 0.000 0.000 0.000
LB-MOLE 23,184 13,661 0.000 0,000 0.000 0.000

TOT FUEL
POUNDS 279.460 27.540 0,000 0.000 29,000 2400.000
LB-KOLE 23,184 13.661 06000 0.000 1.610 0.000
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JOB NO 9736,05 :AF SO1U-41 ENGINEER:JLF ( 60.0 DEG F 1 14,696 PSI) 2118185 PAGE 2

PRIMARY BURNER HEAT AND MATERIAL BALANCE

*ttt$ HEAT IN $131$ TEMP DEG F LBS / HR BTU / L? Mu BTU/HR
FUEL SOIL 60.000 2400.000 0.001 0.000
FUEL WATER 60.000 29.000 0.001 0.000
FUEL FUELI 60,000 306.000 18000.000 5.508

DRY AIR 60.000 8284,038 0,000 0.000
AIR HUM. 60.000 02.840 1059.900 0.088

OVERALL TOTAL 0.000 11101.879 5.596

$$11$ HEAT OUT $00t$ LB-MOLES LBS / HR BTU/LB MM BTU/HR

FLU GAS OUT: 1777,83 DEG F
C02 23,184 1020,340 461,733 0.471
H20 19,869 357.952 1935.832 0,693
N2 113,567 31.81,568 457,803 1,457
AIR (XS) 143-125 4142,019 447,551 1,854

TOTAL FLU GAS 299.740 8701.87V 4.474

SOLIDS OUT BOTTOM:
ASH 0.000 2400.000 343,567 0,825
INERT 0.000 0.000 343.567 0.000

RAD LOSS 0.297

OVERALL TOTAL 299,740 11101,87? 5,596
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JOB NO 9736.05 :AF SOIU-Il ENGINEER:JLF C 60.0 DEG F 1 14.696 PSI) 2/18/85 PAGE 3

III. FUEL TO SECONDARY BURNER

FUEL HAHE $*t SU SStt •$1 SSSt$ SfltS)tSfZ COIPONEHT FLO TO FURNACE $t$$IZ StItt* $ SU* t*UI*
CARBON HYDROGEN OXYGEN NITROGEN WATER ASHFUEL2

PERCENT 91.000 9.000 0.000 0.000 0.000 0,000
POUNDS 0,000 0.000 0.000 0.000 0.000 0.000
LB-HOLE 0.000 06000 0.000 0.000 0.000 0.000

AUX2
PERCENT 91.000 9.000 0.000 0,000 0,000 0.000
POUNDS 356.929 35.301 0.000 0.000 0.000 0.000
LB-MOLE 29,717 17,510 0.000 0.000 0#000 0.000

.. TOT FUEL
POUNDS 956.929 35.301 01000 0.000 01000 0.000
LB-HOLE 29,717 17,510 0.000 0.000 0.000 0.000

273



A.D NO 9736,05 WAF SOIU-tl ENGI-ER:JLF 4 60.0 DEG F 1 14,696 PSI) 2/18/85 PAGE 4

IV. SECONDARY BURNER HEAT AND MTERIAL 4ALANCE

$US$ HEAT 1f 19819 TEMP DES F LBS / HB BTU / LB AN BTU/HR
FUEL FkEL2 - 60.000 0.000 18000.000 0.000
FUEL AUX2 40.000 392.230 18600,000 7.060

PRIM, FLU GAS 1777.833 8701.87ý9 4.474

DRY AIR 60,000 7963,846 0,000 0.000
AIR HUM. 60.000 79,638 1059,900 0.084

OVERALL TOTAL 0.000 17137.593 11.619

18141 HEAT OUT !$$t LI-MOLES LBS / HR iTU/LB MM DU/HR

FLU GAS OUT' 2200.00 DEG F
C02 52.901 2328,209 593,726 1,382
H20 41,799 753.055 2189.468 1.649
K42 259,127 7259,694 581,862 4.224
AIR (XS) 234.854 6796.634 568,466 3,864

TOTAL FLU GAS 588,681 17137,593 11.119

SOLIDS OUT BOTTOM:
ASH 06000 0,000 428,000 0.000
INERT 0,000 0.000 428.000 0,000

RAD LOSS 0.500

OVERALL TOTAL 5i8.681 17137.593 11,619
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JOB NO 9736.05 :AF SOIU-#I ENGINEER:JLF ( 60.0 DEG F I 14,696 PSI) 2/18/85 PAGE 5

V. PRIMARY BURNER AIR SUMMARY

$WSW1$ OXYGEN $414143: $t$$$ NITROGEN 144414

LBS AIR POUNDS LB-HOLE POUNDS LB-HOLE
TOTAL 8284.038 1920.903 60.028 6363.136 227.125
THEORETICAL 4142.019 960,451 30.014 3181.568 113.563

TOT - THEO. 4142.01? 960.451 30.014 3181.568 113.563

PERCENT XS AIR FOR PRIMARY BURNER 100.00

VI. SECONDARY BURNER AIR SUMMARY

W$1311 OXYGEN 9831114 $0134t NITROGEN *1*1t$
LBS AIR POUNDS LB-HOLE POUNDS LB-MOLE

TOTAL 7963,846 1846.657 57.708 6117.189 218.346
THEORETICAL 5309,231 1231,104 38.472 4078.126 145.564

TOT - THEO, 2654.615 615.552 19,236 2039,063 72.782

PERCENT XS AIR FOR SECONDARY BURNER w 50,00

Vfl. TOTAL AIR TO PRIN. AND SEC. BURNERS

. Witt I OXYGEN 141101 $1414$ NITROOEN *It#"

LIS AIR POUNDS t.B-NOLE POUNDS LP-MOLE
TOTAL 16247.884 3767.559 117,736 12480.325 445,471
THEORETICAL 94514250 21910556 68,486 7259.694 259.127

TOT - THEO* 67964634 1576,004 49,250 5220.631 186.345

TOTAL PERCENT X AIR' 71.91

VYii, GAS FUN RATES

TEMPERATURE PRESSMRE
STREAM (DEG F) (PSI) ACFI(

I PRIM OUT 1777.833 14.678 8172.188

2 SEC BUT 2200.000 14,660 19101,663

PRIM AIR 60.000 14.696 1810.575

SEC AIR 60.000 14.696 1682.457
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Annex 11

STATISTICAL DATA

11A PARAMETERS USED IN REGRESSION ANALYSIS LISTED BY SOIL TYPE

1iB PARAMETERS USED IN REGRESSION ANALYSIS LISTED IN ORDER OF

INCREASING IVP
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Annex 11A
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Annex 11B
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